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PREFACE 

Chemistry  is  so  closely  connected  with  many  phases  of 
modem  life  that  almost  everyone  should  have  some  knowledge  of 
it.  Its  application  to  the  problems  of  industry  and  recently 
to  those  of  warfare  has  attracted  unusual  attention  and  interest. 
It  plays  no  less  important  a  part  in  the  sciences  of  agriculture 
and  medicine.  For  these  reasons  we  believe  that  a  knowledge 
of  the  fundamental  fads  of  chemistry  and  an  ability  to  use  them 
should  form  a  part  of  the  equipment  of  our  American  youth. 

It  is  generally  conceded  that  in  order  to  teach  any  subject 
effectively  it  is  first  necessary  to  arouse  an  interest  in  it.  For- 
tunately this  is  an  easy  task  in  chemistry  if  the  method  of 
presenting  the  subject  is  not  too  formal  and  academic.  We 
have  found  two  ways  of  awakening  the  student's  interest : 
first,  by  appealing  to  his  love  of  the  miraculous  and  dramatic ; 
and  second,  by  touching  his  curiosity  concerning  the  things 
of  every-day  life.  With  this  in  view,  we  have  outlined  numerous 
class-experiments  to  be  done  on  the  lecture-table  y  often  somewhat 
spectacular ;  and,  wherever  possible,  we  have  drawn  examples 
of  chemical  phenomena  from  the  student's  daily  experience* 
Such  applications  of  the  facts  and  principles  of  chemistry,  we 
believe,  make  the  subject  real  and  practical.  A  young  person 
is  not  interested  in  the  details  of  large  manufacturing  operations 
which  he  may  never  see,  but  he  is  curious  concerning  the 
composition  and  transformation  of  many  famiUar  products. 

It  is  important  that  the  economic  significance  of  chemistry 
and  the  allied  industries  be  realized.  To  this  end  the  idea 
has  gradually  been  developed  throughout  the  book  that  some 
of  the  common  chemical  materials,  such  as  sulfuric  acid,  soda, 
and  steely  are  literally  foundation  stones  oi  modL^txv  wf^ia^^x^^scL. 
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The  Industrial  Chart  (p.  205)  helps  to  fix  in  the  student^s  mind 
the  coordination  of  a  number  of  chemical  industries. 

The  chemistry  of  the  carbon  compounds  has  been  treated 
in  a  very  elementary  way  but  at  some  length  because  so  many 
organic  substances  are  familiar  and  important.  The  chemistry 
of  growing  things,  including  the  subject  of  fertilizers,  has  been 
considered  in  several  places  because  of  the  importance  of 
agriculture. 

In  selecting  the  material  for  this  book  we  have  tried  to  include 
only  those  topics  which  yoimg  people  can  readily  grasp  and 
will  find  useful  in  their  every-day  life.  In  doing  this  we  have 
covered  the  topics  suggested  by  the  College  Entrance  Examina- 
tion Board  for  admission  to  colleges  and  scientific  schools.  We 
have  intentionally  included  somewhat  more  material  than  it 
is  probably  advisable  for  any  class  to  undertake  in  a  single 
year.  This  enables  the  teacher  to  vary  his  work  from  year 
to  year  and  to  adapt  his  instruction  to  the  ability  and  needs 
of  his  class.  Some  teachers  may  prefer  to  use  the  chapter 
on  gases  and  their  measurement  (V)  as  collateral  reading  in 
connection  with  the  laboratory  work;  and  some  may  be 
inclined  to  postpone  the  chapter  on  atomic  and  molecular 
weights  (XIII)  imtil  more  facts  have  been  studied.  The 
chapters  on  chemical  equilibrium  (XXI),  on  hypochlorous 
acid  (XXVII),  on  some  of  the  less  common  elements  (XXXV), 
and  on  radioactivity  (XXXVI)  may  be  omitted  without  break- 
ing the  continuity  of  the  subject. 

Our  observation  of  the  results  of  the  first  year's  course  in 
chemistry  leads  us  to  urge  teachers  not  to  try  to  cover  too 
much  ground,  but  to  select  carefully  just  what  material  they 
can  best  use  and  to  teach  that  thorcrughly.  Many  a  student 
is  lost  in  a  maze  of  chemical  theories  before  he  reaches  the 
important  chemical  facts  which  he  can  use.  We  have  tried 
to  introduce  theories  when  and  in  so  far  as  they  would  help 
the  student  to  understand  the  essential  facts  of  chemistry. 
In  order  to  focus  attention  on  what  we  consider  these  funda- 
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mentals,  we  have  placed  at  the  end  of  each  chapter  a  summary ^ 
so  worded  as  to  be  easily  remembered  and  applied. 

It  is  hoped  that  some  students  will  want  to  continue  their 
study  of  chemistry  either  at  school  or  at  home.  To  stimulate 
and  perhaps  to  guide  these  efforts  at  independent  work,  we 
have  suggested  at  frequent  intervals  in  the  book  some  suitable 
topics  for  further  study ^  together  with  some  leading  questions. 

We  are  greatly  indebted  to  many  of  our  friends  who  have 
assisted  in  the  preparation  of  this  book :  especially  to  Professor 
Elmer  P.  Kohler,  who  has  read  the  entire  manuscript  and 
made  many  valuable  suggestions;  to  Professor  Theodore  W. 
Richards,  who  lent  us  from  his  own  collection  portraits  of 
famous  chemists;  and  to  Dr.  Norris  F.  Hall,  who  has  read 
certain  chapters.  We  have  made  an  especial  effort  to  prepare 
a  text  that  will  not  only  be  dear  but  readily  understandabUy  and 
in  this  we  have  been  greatly  assisted  by  Dr.  D.  0.  S.  Lowell, 
Headmaster  of  the  Roxbury  Latin  School.  A  large  share  of 
the  credit  for  such  success  as  we  have  achieved  in  illustrating 
the  book  is  due  to  the  deftness  and  patience  of  Mr.  James  S. 
CJonant  of  the  Suffolk  Engraving  and  Electrotyping  Co. 

N.  H.  B. 
J.  B.  C. 

Note.  —  The  directions  for  laboratory  experiments  to  accompany 
the  study  of  this  book  are  printed  in  a  separate  volume. 
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CHAPTER  I 
CHEMICAL  CHANGE 

Chemieal  changes  in  everyday  life  —  what  chemistry  is 
about  —  what  happens  in  a  chemical  change  —  how  we 
recognize  materials  —  characteristics  of  a  chemical  change 
—  no  change  of  weight  in  a  chemical  process  —  what  is  the 
work  of  a  chemist? 

1.  Chemical  changes  in  everyday  life.  Everyone  is  familiar 
with  the  fact  that  when  wood  bums  a  great  deal  of  heat  is 
produced  and,  except  for  a  few  particles  of  ashes,  the  original 
wood  entirely  disappears.  This  is  such  a  common  occurrence 
that  we  do  not  generally  appreciate  its  striking  significance. 
Apparently  there  has  been  some  sort  of  change  during  the 
burning,  for  we  can  now  no  longer  find  any  of  the  original 
wood.  Another  change  almost  as  striking  occurs  if  we  allow 
a  piece  of  iron,  such  as  a  rail,  to  lie  for  some  time  exposed  to 
the  weather.  We  find  that  it  first  becomes  coated  and  then 
crumbles  to  a  mass  of  brown  powder  which  we  call  rust.  In 
these  cases  such  well-known  substances  as  wood  and  iron  have 
disappeared  before  our  very  eyes.  These  profound  changes 
are  examples  of  natural  processes  which  are  known  as  chemical 
changes.  The  decay  of  wood,  the  souring  of  milk,  the  putre- 
faction of  meat  are  likewise  common  examples  of  chemical 
change ;  still  others  are  the  explosion  of  gasolene  in  an  auto- 
mobile cylinder,  the  sudden  burning  of  a  flash-light  powder^ 
and  the  bursting  of  a  high-explosive  sheU.    In  aW.  \!cife^  ^»afc^ 
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certain  materials  disappear  and  new  ones  are  formed ;  in  every 
instance  the  properties  of  the  product  of  the  chaise  are  plainly 
different  from  those  of  the  original  materials. 

2.  What  is  chemistry  about?  The  changes  of  which  we 
have  just  spoken  are  so  important  to  everyday  life  and  are 
apparently  so  fundamental  that  a  whole  branch  of  science  is 
devoted  to  their  study.  Chemistry  considers  just  auch  changes 
as  those  involved  in  the  burnir^  of  wood  and  the  souring  of 
milk.  To  one  trained  in  this  science  these  apparently  rays- 
terioua  transformations  seem  relatively  simple.  A  chemist  is 
able  to  predict  whether  a  given  substance  will  bum  or  not. 
He  can  also  tell  us  what  happens  when  milk  soure  and  how 
to  prevent  it.  Similarly  chemists  have  been  able  to  devise 
^methods  for  preventing  the  rusting  of  iron.     With  the  aid  of 

chemistry  it  has  been  possible  to  manufacture  a  great  number 
of  useful  materials,  such  as  dyes,  medicines,  and  explosives. 
Dynamite,  for  instance,  is  a  material  which 
under  certain  conditions  undergoes  a  rapid 
change  and  produces  a  tremendous  amount  of 
force. 

All  the  changes  which  occur  in  living  mat- 
ter, both  plants  and  animals,  are 
chemical  changes.  All  the  food 
that  we  eat  goes  through  a  number 
of  complicated  changes  in  our  body. 
All  processes  of  cooking  involve 
chemical  changes  which,  for  the 
most  part,  render  food  more  palat- 
able and  easier  to  digest.  For  ex- 
ample, the  white  of  an  egg,  a  thick 
i  liquid,  is  turned  by  boiling  into  a  soft  white  solid. 
It  is  evident  that  chemistry  is  the  foundation  of  the  sciences  of 
biology  and  medicine, 

3.  What  happens  in  a  chemical  change?  Let  us  now  see 
just  what  happens  in  some  cases  of  chemical  change. 
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Suppose  we  drop  a  few  small  iron  nails  into  a  liquid  called  nitrio 
acid  (Fig.  1).  We  notiee  that  the  iron  dissolves  rapidly  and  that  a 
cloud  of  brown  fumes  is  produced.  When  we  evaporate  the  solution 
over  a  flame,  we  find  that  a  brown  solid  is  left  behind  (Pig.  1),  We 
eon  dearly  see  that  this  is  not  the  iron  with  which  we  started.  It  ia 
a  new  material  quite  differeut  from  iron. 

In  every  chemical  change  one  or  more  materials  disappear  and 
one  or  more  new  substances  are  formed. 


tig.  1.     Ctuning  of  lugar  by  •ulfuric  add. 
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B  put  a  solution  of  sugar  into  a  glass  and  pour  on  it  a  little 
concentrated  sulfuric  acid,  we  see  a  remarkable  transformation  (Fig.  2). 
A  mass  of  black  troth  immediately  appears  in  place  of  the  sugar,  and 
if  we  examine  the  black  solid  in  this  froth  we  shall  look  in  vain  for  our 
original  sugar. 

A  little  finely  ground  sulfur  and  zinc  dust  may  be  mixed  together 
and  put  in  a  small  pile.  When  this  mixture  is  touched  with  a  flame 
a  flash  at  once  appears  and  a  cloud  of  white  sohd  floats  off.  Again 
we  find  neither  our  original  sulfur  nor  zinc,  but  only  a  new  white  sub- 
stance, which  in  this  case  is  known  as  zinc  sulfide. 

In  this  last  experiment  not  only  was  a  new  material  formed  but 
there  was  considerable  heat  and  Ught  produced.  We  usually  find 
that  In  ■  chemical  chance  heat  It  either  absoibsd  or  s?oIvad  and  Ilgbt  la  ofton 


4.  How  we  recognize  materials.  When  we  notice  that 
ashes  are  difFereiit  from  wood  and  that  the  brown  solid  formed 
by  dissolving  nails  in  nitric  acid  is  differeat  from  metallic  iron, 
we  are  unconsciously  taking  advantage  ol  out  CT«n4a.-^  'kbk'rV 
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edg^  of  what  such  common  materials  as  wood  and  iron  are  really 
like.  No  one  would  have  any  difficulty  in  distinguishing 
between  a  stick  of  wood  and  a  bar  of  iron,  even  if  the  stick  were 
painted  black.  Wood  will  float  readily  on  water,  iron  wiU 
not.  A  magnet  will  attract  a  piece  of  iron  and  not  a  piece  of 
wood.  Wood  easily  catches  fire  whereas  iron  will  not  bum. 
Such  characteristic  facts  about  a  given  material  are  called  its 
properties.  We  can  recognize  and  identify  any  particular 
material  by  knowing  a  number  of  these  properties. 

Many  properties  of  materials  can  be  determined  accurately 
and  expressed  by  numbers.  For  example,  the  weight  of  a  unit 
volume  of  matter  is  called  the  density  and  is  expressed  in  grams 
per  cubic  centimeter.    Iron,  which  is  heavy,  has  a  density  of  about 

7 ;  pine  wood,  being  light,  has  a  density 
of  about  0.4.  By  determining  such 
properties  accurately  we  have  a  quick 
and  convenient  method  of  identifying 
various  materials.  Usually,  however, 
it  is  necessary  to  determine  several 
properties  in  order  to  be  sure  that  we 
have  completely  identified  the  mate- 
rial. Other  useful  properties  are  solu- 
bility, color,  melting  point,  and  boiling 
point. 

Fig.  3.   Heating  iron  powder 

and  sulfur.  6.  Characteristics    of    a    chemical 

change.  Let  us  take  some  finely  divided 
sulfur  and  some  iron  filings.  We  notice  that  the  sulfur  is  a  yellow 
powder,  relatively  light;  it  will  dissolve  in  a  liquid  called  carbon 
disulfide.  The  iron  is  a  heavy  gray  solid,  insoluble  in  carbon  disulfide, 
and  readily  attracted  by  a  magnet.  Let  us  mix  these  two  materials 
together  in  such  proportions  that  there  is  about  twice  as  much  sulfur 
(by  volume)  as  iron.  We  place  the  mixture  in  a  test  tube  and  heat 
it  in  a  flame  (Fig.  3).  It  will  be  seen  that  in  a  few  moments  a  glow 
spreads  all  through  the  contents  of  the  tube,  and  this  glow  continues 
for  a  time  even  when  the  flame  is  removed.  Evidently  something 
has  happened  in  the  tube  which  has  produced  heat  and  light.     If 
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we  break  the  test  tube  and  examine  the  soUd,  we  shall  see  that  it 
is  a  hard  black  mass.  If  we  grind  it  up  into  small  bits  we  shall  find 
that  none  of  it  has  the  properties  either  of  sulfur  or  of  iron.  That  is, 
none  of  it  is  soluble  in  carbon  disulfide,  and  none  of  it  is  attracted 
by  a  magnet. 

In  this  experiment  the  two  substances,  iron  and  sulfur,  have 
disappeared  and  a  new  substance  which  is  called  iron  sulfide 
has  been  formed.  We 
are  able  to  recognize 
these  facts  by  care- 
fully noting  the  prop- 
erties of  the  original 
materials  and  the 
properties  of  the  final 
product.  In  a  chem- 
ical change  there  is 
always  a  change  in  the 
properties  of  the  mate- 
rials involved, 

6.  No  change  in 
weight  in  a  chemical 
process.  If  we  had 
carefully  weighed  the 
test  tube  containing  the  iron  and  sulfur  before  and  after  heat- 
ing, we  should  have  found  that  no  change  in  weight  had  taken 
place.  This  is  such  a  general  and  important  fact  in  chemistry 
that  we  may  very  well  illustrate  it  by  another  experiment. 

We  may  select  any  two  substances  which  act  quickly  on  one  another 
when  brought  together.  For  example,  suppose  we  take  silver  nitrate 
and  caustic  potash  solutions  and  pour  one  into  a  short  test  tube  and 
the  other  into  a  flask.  We  place  the  tube  in  the  flask,  as  shown  in 
figure  4,  carefully  close  it,  and  determine  its  weight.  Then  we  tilt 
the  flask  so  as  to  bring  the  two  clear  liquids  together,  and  we  produce 
a  brown-black  substance.  The  chemical  change  causes  some  rise  in 
temperature.  After  the  flask  has  cooled  we  again  weigh  it  aiid  ^\!A 
that  its  weigM.  is  unchxinged. 


Fig.  4.     Chemical  change  in  a  closed  vessel;    no 

change  in  weight. 
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A  lafge  number  of  such  experiments  have  been  performed 
with  great  precision,  and  these  have  shown  that  in  efeery  chemical 
change  the  weight  of  the  materials  taking  part  in  the  change  is 
exactly  equal  to  the  weight  of  the  substances  produced  by  the  change. 
This  is  known  as  the  Law  of  Conbehvation  of  Matter. 

A  law  in  science  is  simply  a  statement  of  some  general  fact 
which  has  been  establi^ed  by  a  large  number  of  experiments. 


It  is  a  description  of  the  constant  mode  of  behavior  of  certain 
materials  under  certain  conditions. 

7.  What  is  the  work  of  a  chwnist?  We  have  seen  that 
chemistry  deals  with  such  widely  different  processes  as  the 
explosion  of  gunpowder  and  the  digestion  of  food.  Conse- 
quently a  chemist's  work  covers  a  broad  field.  Almost  all 
manufacturing  operations  involve  one  or  more  chemical  pro- 
pesses.    Manufacturers,  therefore,  have  to  wnploy  chemists 
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(Fig.  5)  to  see  that  these  are  carried  out  satisfactorily ;  in  the 
same  plant  other  chemists  are  often  engaged  in  trying  to  im- 
prove the  manufacturing  methods.  Oftentimes  the  chemist 
is  able  to  find  some  way  in  which  to  turn  a  waste  product  of 
the  industry  into  some  useful  and  valuable  material. 

Soap,  fertilizers,  glass,  paper,  and  ink  are  common  materials 
which  are  made  by  a  series  of  rather  compUcated  chemical 
changes.  Their  manufacture  has  been  much  improved  by  the 
work  of  chemists.  Explosives,  dyes,  and  many  drugs  were 
first  made  in  the  chemical  laboratory,  were  found  to  be  valuable, 
and  were  then  produced  on  a  large  scale. 

The  chemist  is  also  often  employed  to  find  out  of  what  va- 
rious things  are  made.  For  example,  he  determines  whether 
there  is  any  zinc,  copper,  or  gold  in  a  given  rock  and  how  much 
of  each  metal.  He  detects  poison  in  food  and  drink ;  he  meas- 
ures the  amount  of  sugar  in  a  given  beet  or  the  amount  of 
valuable  material  in  a  fertilizer.  Medical  and  biological  work 
carried  out  in  hospitals  and  special  laboratories  requires  the 
assistance  of  many  chemists. 

SUMMARY  OF  CHAPTER  I 

CHEMICAL  CHANGE  involves  a  change  in  the  identity  of  the 
material;  all  the  characteristic  properties  disappear;  one  or  more 
new  materials  are  formed. 

THE  PROPERTIES  of  a  material  are  the  characteristics  by 
which  we  identify  it,  such  as  its  color,  hardness,  taste,  density, 
solubility,  and  melting  point. 

HEAT  and  Ught  often  attend  a  chemical  change. 

LAW  OF  CONSERVATION  OF  MATTER.  The  weight  of 
the  materials  taking  part  in  a  chemical  change  is  exactly  equal  to 
the  weight  of  the  materials  produced  by  the  change. 

CHEMISTRY  deals  with  the  composition  of  materials  and  with 
the  changes  which  they  may  undergo.  The  chemist  is  often  able 
to  improve  methods  of  manufacture  and  to  find  new  uses  for 
wMSte  products. 
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Questions 

1.  If  sand  and  sugar  are  mixed  together,  what  property  of  each 
would  you  use  in  separating  them  ? 

2.  What  properties  would  you  make  use  of  in  distinguishing  be- 
tween (o)  copper  wire  and  iron  wire,  (6)  wood  and  iron,  (c)  aluminum 
and  silver,  and  {d)  powdered  sugar  and  flour?  « 

3.  Name  five  examples  of  chemical  change  (not  mentioned  in 
the  text)  with  which  you  are  familiar. 

4.  If  we  pound  iron  it  becomes  hot.  Have  we  produced  a  chemi- 
cal change? 

5.  If  we  scratch  a  match  on  a  box  we  produce  both  heat  and  light. 
Is  this  a  chemical  change?    Give  your  reasons. 

6.  Name  some  property  which  is  common  to  all  materials. 

7.  Show  how  the  Law  of  Conservation  of  Matter  applies  to  the 
chemical  change  involved  in  burning  coal  in  a  stove. 

8.  In  what  ways  did  chemistry  play  an  important  part  in  the 
World  War? 

9.  Why  is  chemistry  of  such  great  value  in  agriculture? 

10.  How  does  the  government  make  use  of  the  chemist  in  the  en- 
forcement of  "  pure  food"  laws? 


CHAPTER  II 


ELEMENTS  AND  COMPOUNDS 

Substances  and  mixtures  —  compounds  —  elements  — 
compounds  made  from  elements  —  compounds  have  a  definite 
composition  —  mixtures  and  compounds  compared  —  sepa- 
ration of  mixtures  —  occurrence  of  the  elements  —  number 
and  importance  of  compounds. 

8.  Substances  and  mixtures.  In  the  first  chapter  we 
learned  that  any  material  could  be  recognized  by  its  character- 
istic properties.  If  we  exainine  with  a  mag- 
nifjdng  glass  a  bit  of  soil  from  the  garden 
(Fig.  6),  we  shall  probably  find  that  it  is 
composed  of  at  least  two  differently  colored 
particles,  —  one,  a  white  glassy  material, 
which  is  sand,  and  the  other,  brownish  dirt 
composed  of  clay  mixed  with  the  remains  of 
plants  that  have  decayed.  If  we  rub  the 
soil  between  our  fingers  we  find  that  the 
bits  of  sand  are  hard  and  sharp  while  the 
clayey  material  is  soft  and  easDy  crumbles. 
In  this  way  we  learn  that  ordinary  garden 
sou  is  composed  of  two  or  more  materials 
which  have  entirely  different  properties.  Material  such  as  soil 
is  obviously  a  mixture. 

If  we  examine  the  mixture  of  iron  and  sulfur  which  we  used 
in  the  last  chapter,  we  can  recognize  in  it  particles  of  sulfur  and 
particles  of  iron.  On  the  other  hand,  if  we  examine  a  mass 
of  iron  filings  or  a  pile  of  powdered  sulfur,  we  find  that  every 
particle  is  like  every  other  particle  and  aeeros  lo  \va.N^  ^-'rsv.^^ 
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Fig.  6.  Soil  examined 
under  a  magnifying 
glass. 
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the  same  properties.  A  material  of  which  every  part  is  like  every 
other  part  is  said  to  be  homogeneous  and  is  called  by  the  chemist 
a  substance.  A  material  which  is  composed  of  two  or  more 
substances  mixed  up  together  is  called  a  mixture.  The  soil 
is  therefore  a  mixture  and  not  a  substance.  Sulfur  and  iron 
are  substances  which  we  can  easily  stir  together  to  form  various 
mixtures. 

Since  a  substance  is  a  homogeneous  material,  all  parts  of  it 
will  have  exactly  the  same  properties.  Every  sample  of  the 
substance  will  be  found  to  be  exactly  Uke  every  other  sample. 
On  the  other  hand,  the  properties  of  a  mixture  will  depend 
on  how  much  of  each  component  is  present.  For  example, 
a  mixture  of  10  parts  of  iron  and  1  part  of  sulfur  is  gray, 
while  a  mixture  of  10  parts  of  sulfur  and  1  of  iron  is  almost 
pure  yellow. 

Therefore,  if  we  find  that  all  specimens  of  a  material  have 
exactly  the  same  properties,  we  may  feel  certain  that  we  are 
dealing  with  a  substance  and  not  a  mixture. 

9.  Chemical  compotmds.  Probably  the  most  important 
as  well  as  the  most  familiar  substance  is  water.     Yet,  strange 

as  it  may  seem,  even 
pure  water  is  not  a 
simple  substance.  We 
may  easily  decompose 
water  by  an  electric 
current  into  two  very 
different  substances. 


Fig.  7. 


Water  decomposed  by  an  electric  cui^ 
rent  into  oxygen  and  hydrogen. 


We  pour  some  water 
(containing  a  little  so- 
dium sulfate)  into  the 
apparatus  shown  in  figure  7.  The  platinum  electrodes  are  connected 
with  a  battery  or  generator  giving  at  least  5  or  6  volts.  The  electrode 
in  tube  A,  which  is  connected  to  the  positive  (+)  pole,  is  called  the 
anode,  and  the  other  electrode  in  B  is  the  cathode.  The  current  passes 
through  the  solution  from  the  anode  A  to  the  cathode  B,  Small 
bubbles  of  gas  are  seen  to  rise  from  both  electrodes,  and  the  gas  col- 
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lects  in  B  twice  as  fast  as  in  A.  When  B  is  full  we  open  the  switch  and 
test  the  collected  gases.  To  test  the  gas  in  tube  B  we  invert  the  tube 
and  carefully  apply  a  lighted  match.  This  gas  burns  with  a  pale  blue 
flame  and  is  called  hydrogen.  If  we  invert  the  other  tube  and  bring 
a  glowing  pine  stick  near,  it  bursts  into  a  flame.  This  gas  is  oxygen. 
The  sodium  sulfate,  which  was  added  to  make  the  water  a  better 
conductor  of  electricity,  is  left  l^ehind  in  the  apparatus  undiminished. 

Thus  we  see  that  water  is  decomposed  by  electricity  into  its 
constituent  elements,  hydrogen  and  oxygen.  This  process  of 
decomposing  a  compound  by 
means  of  an  electric  current  is 
called  electrolysis. 

Let  us  examine  a  red  powder 
called  red  oxide  of  mercury.  It 
is  apparently  a  definite  sub- 
stance ;  every  particle  seems  to 
be  like  every  other  particle. 


Fig. 


8.      Red    oxide    of    mercury 
decomposed  by  heat 


We  place  some  in  a  hard-glass 
test  tube  and  arrange  it  for  heating 
as  shown  in  figure  8.  Very  soon 
the  red  powder  becomes  dark,  and 
if  we  introduce  into  the  tube  a 
splinter  of  wood  with  a  glowing 
spark  on  the  end,  the  spark  at  once 
bursts  into  flame.  This  indicates 
that  some  gas,  not  air,  is  being 
evolved.  On  again  examining  the 
tube  we  notice  that  a  part  or  all  of 

the  red  powder  has  disappeared  and  that  little  drops  of  mercury  (quick- 
silver) have  collected  on  the  sides  of  the  tube.  This  forms  a  sort  of 
mirror  on  the  cooler  part  of  the  tube.  If  the  heating  is  continued  long 
enough  all  the  red  powder  eventually  disappears  and  is  converted  into 
two  products,  —  mercury,  the  silvery  liquid  which  is  used  in  thermom- 
eters, and  a  gas  which  is  called  oxygen. 

Thus,  by  means  of  heat  we  have  transformed  a  definite 
substance,  red  oxide  of  mercury,  into  two  other  substances, 
mercury  and  oxygen.    Any  substance  which  cau  be  Ixau^w-xxv^^ 
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into  two  or  more  other  svbstances  is  called  a  chemical  compound. 
Hence  water  and  red  oxide  of  mercury  are  compounds. 

10.  What  is  an  element?  If  we  continue  our  experiments 
and  try  to  produce  still  other  substances  by  heating  mercury, 
or  in  some  other  way  try  to  decompose  it,  we  do  not  succeed. 
Similarly,  hydrogen  and  oxygen  have  never  been  broken  down 
into  other  substances.  We  call  such  substances  which  have 
not  yet  been  decomposed  into  simpler  substances  elements.  There 
are  about  85  elements  (list  facing  back  cover)  from  which  all 
chemical  compounds  are  made. 

It  is  very  remarkable  to  find  that  water  is  composed  of  two 
gases,  one  of  which  bums  and  the  other  makes  things  bum 
much  faster  than  air ;  also,  that  red  mercury  oxide  is  com- 
posed of  a  heavy  sUvery  Kquid  and  a  colorless  gas.  We  see 
that  the  properties  of  a  compound  are  in  no  way  like  the  prop- 
erties of  the  elements  of  which  it  is  made. 

11.  Compotmds  from  elements.  We  shall  now  consider 
the  production  of  a  compoimd  from  two  elements,  the  reverse 
of  the  process  just  discussed. 

We  place  a  small  quantity  of  iodine  in  a  mortar  and  pour  in  a  little 
mercury.     The  two  substances  at  first  remain  side  by  side  unchanged ; 

but  when  we  rub  the  mixture  vigorously 
with  a  pestle  (Fig.  9),  a  red  substance, 
quite  unlike  the  mercury  and  the  iodine,  is 
formed.  This  is  a  new  substance,  a  com- 
pound called  mercury  iodide. 

We  are  all  familiar  with  metallic  cop- 
per, which  has  a  characteristic  reddish 
brown  color,  and  with  sulfur,  which  is  a 
brittle  yellow  element.  If  we  put  some 
copper  chips  and  powdered  sulfur  into  a 

m*  «     r^«^i«*r««r.««,-«*i     small  flask  (Fig.  10)  and  heat  it,' the  mix- 
Fig.  9.    Grmding  mercury  ana  »      .     \       V  mi.     j.         i  j. 
iodine  together  in  a  mortar.       ture  begins  to  glow.     The  two  elements 

unite  with  the  evolution  of  heat  and  light. 
If  we  break  the  flask  we  find  a  black  brittle  mass  which  resembles 
neither  copper  nor  sulfur.  The  copper  and  sulfur  have  united  to  form 
a  compound^  copper  sulfide. 
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Common  salt  is  a  compound  composed  of  two  elements, 
—  sodiimi,  a  bright,  silvery,  soft  metal,  and  chlorine,  a  greenish 
yellow,  poisonous  gas.  Sugar  is  a  com- 
poimd  of  carbon  —  an  element  with 
which  we  are  familiar  as  charcoal  — 
and  two  gases :  hydrogen,  which  bums 
vigorously ;  and  oxygen,  which  makes 
things  biim  furiously.  In  every  case 
we  find  the  same  surprising  difference 
between  the  properties  of  a  compound 
and  the  properties  of  the  elements  of 
which  it  is  composed. 

12.  Compotmds  have  a  definite 
composition.  We  shall  find  it  con- 
venient to  represent  chemical  changes, 
or  reactions,  as  they  are  often  called, 
in  a  condensed  form,  thus : 


Fig.  10.    Copper  and  sulfur 
heated  in  a  flask. 


mercury  oxide 

(108) 


mercury  +  oxygen 

(100)  (8) 


In  this  word  equation  the  arrow  ( — >-)  is  read  yieldis),  and  the  plus 
sign  (+)  is  read  and.  The  numbers  in  parenthesis  indicate  the  pro- 
portions by  weight.  Thus,  it  is  found  that  108  grams  of  mercury 
oxide  yield  100  grams  of  mercury  and  8  grams  of  oxygen. 

Whatever  quantity  of  mercury  oxide  is  decomposed,  experi- 
ments show  that  1^  or  92.6  per  cent  of  the  weight  used  is  left 
as  mercury  and  y|^  or  7.4  per  cent  of  the  weight  is  oxygen. 

We  may  represent  the  union  of  copper  and  sulfur  to  form 
copper  sulfide  thus : 


copper  +  sulfur 

(63.6)  (32) 


copper  sulfide 

(95.6) 


This  means  that  63.6  parts  by  weight  of  copper  unite  with  32  parts 
of  sulfur  to  form  95.6  parts  of  copper  sulfide. 

In  other  words,  the  composition  of  copper  sulfide  is  H^  or 
66.5  per  cent  copper  and  ^  or  33.5  per  cenl  sv]\Iv3lx. 
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Very  careful  quantitative  experiments  show  that  every  pure 
compound  has  a  definite  composition  by  weight.  The  whole 
science  of  chemistry  is  based  on  this  fundamental  fact,  which 
is  known  as  the  Law  of  Definite  Proportions. 

13.  Mixtures  and  compounds.  The  chief  difference  between 
a  mixture  and  a  compound  Ues  in  the  fact  that  a  compound 
has  a  definite  composition  while  in  a  mixture  the  components 
may  be  in  any  proportion.  In  water,  starch,  sugar,  and  salt 
we  have  examples  of  compounds,  each  of  which  has  a  definite 
composition.  In  flour,  baking  powder,  and  the  soil  we  have 
examples  of  mixtures,  which  vary  in  composition. 

We  must  also  remember  another  difference  between  a  mix- 
ture such  as  that  of  iron  and  sulfur  and  a  compoimd  like 

iron  sulfide.  In  the  mixture 
we  can  recognize  the  proper- 
ties of  both  iron  and  sulfur 
and  we  find  that  the  material 
is  not  homogeneous.  In  the 
compoimd  iron  sulfide,  which 
we  find  to  be  homogeneous, 
we  have  an  entirely  different 
set  of  properties  from  those 
either  of  iron  or  of  sulfur. 

14.  Separation  of  mixtures. 
A  mixture  can  often  be  easily 
separated  into  its  ingredients. 
For  example,  the  iron  can  be 
attracted  away  from  the  sul- 
fur with  a  magnet ;  the  sulfur 
Fig.  II.   ^^^^^^^^^^^""'^  ^'^"^  ««^   can  be  dissolved  away  from 

the  iron  in  carbon  disulfide, 
leaving  the  latter  behind  (Fig.  11).  No  such  simple  treat- 
ment as  this  will  separate  the  compound  iron  sulfide  into 
iron  and  sulfur.  As  a  rule  we  can  decompose  a  compound 
into  its  elements  only  by  some  such  drastic  method  as  heating 
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to  a   very  h^   temperature,  or  passing  an  electric  current 
through  it. 

In  the  mixture  of  iron  and  sulfur  the  particles  are  merely  lying 
side  by  side.  In  the  compound  the  elements  are  held  together 
in  chemical  combination ;  and 
the  result  is  that  we  have  a 
substance  entirely  different 
from  either  of  the  ordinal  two 
elements. 

16.  Occurrence  of  ttie  ele- 
ments. Although  there  are 
some  86  elements  known,  only 
about  25  of  these  are  at  all 
common  and  important.  In- 
deed, the  accompanying  dia- 
gram (Fig.  12)  shows  that 
about  98  per  cent  of  the 
earth's  crust,  including  the 
atmosphere,  is  composed  of 
only  eight  elements. 

Most  of  the  elements  in  the  earth's  crust  occur  in  combina- 
tion with  other  elements,  that  is,  as  compounds.  Occasionally 
some  elements  are  found  uncombined,  or,  as  it  is  sometimes 
called,  in  the  free  or  native  state.  Ck>pper,  sulfur,  and  gold 
may  be  mentioned  as  examples  of  elements  which  are  found 
in  the  native  state. 

The  munber  of  elements  that  occur  in  the  human  body  is 
small,  and  more  than  half  of  these  are  present  in  very  incon- 
siderable amounts.  The  elements  which  are  generally  thought 
of  as  being  essential  to  living  plants  or  animals  are  oxygen, 
carbon,  hydrogen,  nitrogen,  calcium,  phosphorus,  and  potas- 
sium. The  diemical  changes  which  take  place  in  living  organ- 
isms are,  however,  very  complex,  and  perhaps  some  of  the 
other  elements  ^idt  occur  in  small  quantities  are  equally  ea- 


g.  11.  DUgtam  Bbowing  appioxl- 
matel]'  the  compaction  of  the 
earth's   crust  mclnding  the  atmos- 
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16.  Number  and  importance  of  compounds.  As  might 
be  imagined,  the  nmnber  of  compomids  that  can  be  produced 
by  combining  these  eighty  odd  elements  in  different  ways  is 
very  large.  More  than  half  a  million  are  known,  and  new  ones 
are  being  prepared  and  studied  every  day.  Very  fortunately 
only  relatively  few  of  these  compoimds  are  of  importance,  and 
therefore  the  study  of  chemistry  is  not  so  colossal  a  task  as  it 
otherwise  would  be.  Moreover,  as  we  shall  see,  the  com- 
pounds can  be  divided  into  classes,  and  within  these  classes  they 
are  much  aUke.  If  a  thorough  knowledge  of  even  a  compar- 
atively small  nmnber  of  compounds  is  obtained,  the  student 
will  have  a  firm  grasp  on  the  fundamentals  of  the  science. 


SUMMARY  OF   CHAPTER  H 

A  SUBSTANCE  is  homogeneous,  that  is,  all  parts  are  alike  and 
show  the  same  properties. 

A  MIXTURE  is  composed  of  two  or  more  substances  mixed 
up  together. 

A  COMPOUND  is  a  substance  which  can  be  decomposed  into 
two  or  more  substances. 

AN  ELEMENT  is  a  substance  which  has  not  yet  been  decom- 
posed into  other  substances. 

LAW  OF  DEFINITE  PROPORTIONS :  Every  compound  has  a 
definite  composition  by  weight. 

Comparison 


Compounds 

Mixtures 

Definite  composition. 

In  preparation,  heat  or  Ught 

emitted  or  absorbed. 
Can  be  decomposed  only  by 

chemical  means. 

Components  in  any  proportion. 

In  preparation,  no  evidence  of 
light  or  heat. 

Can  often  be  separated  by  me- 
chanical means. 
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Questions  and  Problems 

1.  Careful  experiments  show  that  7  grams  of  iron  unite  with  4 
grams  of  sulfur.     How  many  grams  of  iron  sulfide  will  be  produced? 

2.  State  the  law  which  is  applied  in  Problem  1. 

3.  What  is  the  percentage  of  iron  in  iron  sulfide?  of  sulfur  in 
iron  sulfide? 

4.  State  the  law  illustrated  in  Problem  3. 

6.  What  element  have  water  and  red  oxide  of  mercury  in  common  ? 

6.  How  could  you  prove  that  sugar  contains  the  element  carbon  ? 

7.  Classify  the  following  as  elements,  compounds,  or  mixtures: 
bread,  milk,  salt,  granite,  lemonade,  aluminum,  sugar,  quicksilver, 
brass,  and  sterUng  sUver. 

8.  If  aluminum  is  more  abundant  than  iron,  give  some  reason  why 
iron  is  cheaper. 

9.  Why  is  the  list  of  elements  revised  from  time  to  time? 

10.  Write  out  a  clear  definition  of  the  following  terms  as  used  in 
chemistry:  element,  mixture,  compound. 

Topic  for  Further  Study 

Alchemy.  The  early  chemists  were  called  alchemists.  What  was 
their  idea  of  an  element  ?  What  was  the  principal  aim  of  their  experi- 
mentation?    Did  they  succeed  ?     (Moore's  History  of  Chemistry.) 

Note.  The  topics  for  further  study  will  often  suggest  collateral  reading  in 
the  history  of  chemistry,  and  the  application  of  chemistry. to  industry  and  every- 
day life.     A  List  of  suggested  reference  books  will  be  found  in  the  Appendix. 


CHAPTER  III 
OXYGEN 

Importance  —  preparation  —  teat  —  characteristics  — 
Lavoisier's  experimeats  on  combustion  —  products  of  oom- 
buation  —  oxidation  —  speed  of  oxidation  —  spontaneous 
combustion  —  slow  oxidation  — -  kindling  point  —  fire  extin- 
guishers —  commercial  uses  of  oxygen. 

17.  Importance  of  ox^en. 

In  our  study  of  the  elements 
we  shall  begin  with  oxygen. 
We  have  already  met  this 
substance  as  a  constituent  of 
water  and,  of  red  oxide  of 
mercury  and  have  learned 
that  it  is  the  most  wide- 
spread and  abundant  of  the 
elements.  We  shall  soon 
see  that  it  is  found  in  many 
rocks  and  minerals,  such  as 
sandstone  and  hmestone, 
where  it  is  combined  with  a 
great  variety  of  other  ele- 
ments. Oxygen  is  the  most 
active  element  in  the  atmos- 
phere. Without  it  we  suf- 
focate and  life  is  impossible. 
It  is  necessary  for  the  pro- 
duction of  heat  since  wood,  coal,  and  gas  will  not  bum  with- 
out it ;  and  for  light  wherever  oil  or  gas  is  used  in  lamps. 
IS 


Fig.  13.    Joseph  Priestlbt 

(1733-1804). 

An  Fpgliph  clergymfln  who  spent  hia  L 

years  in  Pennaylvania. 
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18.  Preparation  of  oxygen.  In  1774  an  English  chemist, 
Joseph  Priestley  (Fig.  13),  prepared  oxygen  exactly  as  we  did 
in  Chapter  II  by  heating  red  oxide  of  mercury.  At  about  the 
same  time  a  Swedish  apothecary,  Scheele,  also  prepared  oxygen 
by  this  method.  In  fact,  the  latter's  discovery  of.  oxygen 
probably  antedates  Priestley^s,  but  the  results  were  not  made 
public  until  a  few  years  later. 

In  the  laboratory  it  is  more  convenient  to  heat  a  compound 
called  potassium  chlorate,  which  is  a  substance  used  in  medicine 
and  in  making  matches  and  fireworks.  It  is  much  cheaper 
than  the  oxide  of  mercury  and  gives,  when  heated,  a  far  larger 
proportion  of  oxygen.  Potassium  chlorate  is  a  white  crystalline 
soUd,  a  compound  of  the  three  elements  potassium,  chlorine, 
and  oxygen.  When  it  is  heated  to  the  right  temperature 
(360°  C.)  *  it  melts,  and,  as  the  temperature  rises  still  higher, 
bubbles  of  oxygen  appear,  leaving  behind  another  compound 
of  potassium  and  chlorine  called  potassium  chloride.  We  can 
express  this  change  in  the  following  way : 

potassium  chlorate  — >-  potassium  chloride  +  oxygen 

rpotassiumn  rpotassiumi 

I    ohlorine    I  L  chlorine  J 

L   oxygen  J 

If  we  heat  carefully  some  potassium  chlorate  in  a  test  tube  imtil 
it  just  melts  and  thrust  a  glowing  spark  into  the  test  tube,  we  find  that 
no  oxygen  is  being  evolved.  We  now  drop  a  little  black  powder  called 
manganese  dioxide  into  the  tube  and  test  it  again  for  oxygen.  In 
spite  of  the  fact  that  the  tube  has  been  slowly  cooling  down,  oxygen 
is  now  produced.  The  manganese  dioxide  imdergoes  no  change  in 
this  process. 

A  material  which  thus  aids  chemical  action  without  being 
•itself  permanently  altered  is  called  a  catalytic  agent  or  a  catalyst. 

19.  Some  experiments  with  oxygen.  In  order  to  study 
the  properties  of  oxygen  we  shall  need  to  have  it  in  considerable 
quantity. 

*  The  centigrade  scale  (C.)  is  commonly  used  in  c\L«m\a\xv » 
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Fig.  14.    Oxygen  made  by  heating  potassium  chlorate 

and  manganese  dioxide. 


We  may  make  it  by  mixing  4  parts  by  weight  of  potassium  chlorate 
with  1  part  of  manganese  dioxide  and  placing  it  in  a  thin  glass  flask 

arranged  with  a  delivery  tube  (Fig.  14). 
The  gas  is  collected  in  wide-mouthed  bottles 
which  have  been  previously  filled  with  water 
and  inverted  ir  the  pneumatic  trough.  When 
the  flask  is  heated  gently  the  oxygen  escapes 
through  the  tube  and  bubbles  up  through  the 
water  into  the  bottles.  The  flame  under  the 
flask  should  be  removed  from  time  to  time 
in  order  that  the  gas  may  not  be  too  rapidly 

evolved  and  bul«t 
the  flask. 

We  shall  first 
of  all  convince 
ourselves  that  we 
have  oxygen.  We 
perform  the  same 
experiment  as  be- 
fore (§  9),  that  is,  we  thrust  a  splinter  of  wood  with  a  glow- 
ing spark  at  one  end  into  a  bottle  of  the  gas.  The  fact  that 
the  splinter  bursts  into  flame  is  used  as  a  test 
for  oxygen  since  there  is  only  one  other  gas 
(nitrous  oxide)  which  behaves  similarly.  >  e^----i"---H;^\ 

We  shall  now  study  the  behavior  of  various        -         - 
substances  when  heated  in  oxygen. 

Charcoal :  We  wrap  a  piece  of  copper  wire  around 
a  small  bit  of  charcoal,  heat  it,  and  then  plunge  it  into 
a  bottle  of  oxygen ;  it  bursts  into  a  brilliant  flame. 

Sulfur :  We  place  a  bit  of  sulfur  in  an  iron  spoon  (def- 
lagrating spoon)  and  ignite  it  by  holding  it  for  a 
moment  in  a  flame.  It  bums  with  a  pale  blue  flame, 
but  when  put  into  oxygen  (Fig.  15)  it  bums  with  a 
very  brilliant  light. 

Iron:  It  is  possible  to  burn  iron  in  oxygen  if  we 
use  iron  ribbon,  such  as  a  watch  spring,  or  iron  wire,  such  as  a  bunch  of 
braided  picture  wire.  First  we  coat  the  end  with  sulfur,  then  ignite 
the  sulfur  and  suspend  the  wire  in  a  bottle  of  oxygen.     The  sulfur  con- 


Fig.  15.    Burning 
sulfur  in  oxygen. 
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tinues  to  bum,  producing  a  very  intense  heat  which  is  sufficient  to 
ignite  the  iron.  As  the  iron  bums  it  sends  off  a  shower  of  brilliant 
sparks  (Fig.  16).  (It  is  well  to  cover  the  bottom  of  the  bottle  with  a 
layer  of  sand.) 

Phosphorus:   This  is  a  soft  yellow  substance  which  may  take  fire 
even  at  ordinary  temperatures.     For  this  reason  it  is  always  kept  under 
water  when  stored.     A  small  bit  placed  in  a  deflagrating  spoon  and 
ignited  will  burst  into  flame  when  placed  in  oxygein. 
The  fliame  is  so  vigorous  and  the  light  so  intense  that 
one  cannot  look  at  it  with  comfort.    The  white  clouds 
which  appear  are  the  product  of  the  chemical  re- 
action. 


20.  Characteristics  of  oxygen.    From  such  ex- 
periments as  these  we  see  that  the  most  notice- 
able characteristic  of  oxygen  is  that  in  it  sub- 
stances which  bum  in  air  will  bum  more  rapidly 
and  with  increased  brilliancy.    It  is  a  colorless    ^^^^MS^^ 
gas  and  is  so  slightly  soluble  in  water  that  we   pjg,  j^  Burning 
have  no  diflBiculty  in  collecting  it  over  water.      iron  in  [oxygen 
When  the  gas  is  pure  it  has  neither  smell  nor      ^gparks. 
taste  and  is  slightly  heavier  than  air. 

Such  characteristics  of  a  substance  describe  its  behavior  and 
are  often  called  the  chemical  properties  of  the  substance. 
The  mere  name  of  a  particular  material  tells  us  nothing ;  it  is 
only  when  we  know  its  properties  that  we  are  acquainted  with 
it.  Chemical  substances  are  Uke  individuals  in  this  respect; 
if  we  know  a  man's  name  only,  we  know  very  little  about  him. 
When  we  have  learned  something  about  his  actions  and  charac- 
ter we  can  tell  what  sort  of  person  he  is.  The  chemical  prop- 
erties of  a  substance  describe  the  character  of  that  particular 
kind  of  inanimate  matter. 

21.  What  is  "  burning  "  ?  We  have  just  seen  that  various 
substances  bum  more  rapidly  in  oxygen  than  in  the  atmosphere, 
and  so  we  may  reasonably  conclude  that  oxygen  plays  an  im- 
portant part  in  the  process  of  burning,  or  com^bvistioY^.  TVsia. 
is  8ueb  an  important^  cijeinical  change  that  \t  \n\^  t^^^^  >x^  *^ 
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examine  the  process  with  considerable  care  and  to  recall  in  this 
connection  some  of  the  early  experiments. 

22.  Lavoisier's  experiment  on  combustion.    Lavoisier  (Fig. 
17)  was  a  famous  French  chemist  who  hved  about  125  years 
He  is  sometimes  called  the  "father  of  modem  chem- 
istry ' '  because  he  discovered 
the  correct  explanation  of 
the  process  of  bumii^. 

He  heated  some  meroury  in 
a  retort  (Pig.  18)  the  neck  of 
whkih.  extended  into  ajar  sttuid- 
ing  in  a  larger  dish  of  meroury. 
Mter  heating  the  mercury 
nearly  to  its  boiling  point  for 
several  days,  he  discovered 
that  the  air  inclosed  within  the 
retort  and  jar  had  lost  one  fifth 
of  iU  voluTne.  On  examining 
ibe  residual  air  he  found  that 
a  lighted  splint  would  not  bum 
in  it  but  was  extinguished.  The 
raal«rial  in  air  which  enables 
a  substance  to  bum  had  evi- 
dently been  removed.  In  the 
retort  he  found  on  the  surface 
of  the  mercury  some  red  powder 
having  all  the  properties  of  the 
F^Bncli  chemist  ..hose  work  laid  the  ^^^  ^^^^  ^,  mercury  which 
foundation  of  modern  phemiatry.     Ha      „  .      .       ,     ,  ,  , 

was  a  victim  of  the  French  Revolution-  Pnestley  had  used  for  prepar- 
ing oKj^en. 
Lavoisier  now  plaoed  this  in  a  suitable  apparatus,  heated  it  strongly, 
and  collected  the  gas  evolved.  He  obtained  a  gas  whose  volume  exactly 
corresponded  with  the  shrinkage  undergone  by  the  inclosed  air,  and 
in  this  gas  substances  burned  with  great  vigor.  There  was  now  no 
doubt  that  one-flf  th  of  the  air  was  composed  of  this  gaa,  which  Lavoisier 
tiamed  oxygen.  By  mixing  the  rest  of  the  air  left  in  the  first  ejcperi- 
ment  with  enough  oxygen  to  bring  it  back  to  its  original  volume, 
Lavoisier  produced  a  gas  having  all  the  properties  of  ordinary  air.  Thus 
he  proved  that  the  oxygen  of  the  air  is  the  only  gas  used  up  in  the  pro- 
cess of  burning. 


FiQ.  17.    Antouje  Laurent  Lavoisier 
(1743-1794). 
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23.  Products  fonned  by  burning.  But  if  burning  is  a 
chemical  reaction  between  oxygen  and  the  substances  burned, 
what  about  the  compounds 
fonned  by  the  chai^?  What 
has  happened  to  them?  A 
candle  disappears  almost  com- 
pletely when  it  bums.  The 
products  of  the  combustion  in 
this  case  are  gases  like  oxygen 
itself  and  are  invisible ;  they 
can,  however,  be  collected 
and  weighed.  When  a  candle 
bums,  the  compounds  formed 
are  water  vapor  and  a  gas 
called  carbon  dioxide.  These  so-called  products  of  combu^iion 
may  be  absorbed  by  a  substance  known  as  sodium  hydroxide. 

If  we  EuTUige  a  oandle  on  a.  baJ&noe  pan  A  and  suspend  above  it  a 
tube  filled  with  sodiimi  hydroxide,  we  shall  be  in  a  position  to  we^h 
both  the  oaodle  and  the  products  of  combustion  (Fig.  19).  We  caro- 
fuUy  balance  the  scales  by  putting  suitable  weights  oa  pan  B.  We 
then  light  the  candle  and  notice 
that  as  the  combustion  pro- 
ceeds pan  A  becomes  heavier 
although  the  oandle  is  visibly 
disappearing.  The  substances 
produced  by  the  burning  are 
heavier  than  the  candle  which 
is  burned.  This  is  because  they 
contain  the  element  oxygen 
taken  from  the  air  in  addition 
to  the  elements  already  present 
in  the  candle. 

This    experiment    shows 

Fit.  19.    The  prodwU  formed  by  burning     ^^^^^  ^f  ^f^  ff^g  products 

■  candle  wel^  more  than  the  candle.  '  "         •  >■    j 

of  comimstion  we  alvmys  find 

ihem  to  he  heavier  than  the  substance  burned.     Another  experi- 

ment  which  jUustmtes  the  same  important  po\iit  \a  ^a  lo^isyn's-". 
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We  place  some  iroa  powder  in  a  crucible  and  carefully  counterpoise 
it  on  a  balance  with  the  aid  of  weights  or  small  shot.  We  remove 
the  crucible  from  the  pan  and  heat  it  with  a  flame  (Fig.  20).  The 
mass  begins  to  glow,  showing  that  a  chemical  change  is  taking  place. 
We  continue  the  heating  for  about  Ave  minutes 
and  then,  cool  and  examine  the  material.  The 
crucible  is  found  to  contain  a  new  reddish  solid 
resembling  iron  rust.  When  the  crucible  is  now 
placed  on  the  balance  pan  we  find  that  it  has 
gained  a  great  deal  in  weight.  Again  the  in- 
crease  in  weight  is  due  to  the  oxygen  from 
the  air  which  has  combined  with  the  iron  to 
form  a  new  compound  containing  the  two  ele- 
ments iron  and  oxygen. 

powdn  These  experiments  show  that  when  a 
heated  in  ■  cmcible  substance  bums  in  air  new  compounds 
are  formed  by  the  combination  of  the 
combustible  materials  with  the  oxygen.  These  new  compounds 
weigh  more  than  the  original  material  because  they  contain 
oxygen  in  addition  to  the  combustible  substances.  In  the 
case  of  iron  the  product  is  called  iron  oxide ;  we  can  represent 
the  change  as  follows : 

iron  +  oxygen  — *-  iron  oxide 

An  oxide  is  a  compound  of  an   element  and  oxygen.    When 
substances  bum  in -air  or  oxygen,  oxides  are  always  formed. 

24.  Oxidation.  The  reaction  of  a  substance  with  oxygen 
is  called  oxidation.  When  this  reaction  proceeds  so  rapidly 
that  heat  and  light  are  produced,  we  call  the  change  burning, 
or  combustion.  Familiar  examples  of  oxidation  are  the  burn- 
ing of  coal,  wood,  gas,  or  oil,  which  takes  place  so  rapidly  that 
we  have  combustion.  There  are  many  cases  of  oxidation  where 
the  change  goes  on  so  slowly  that  no  apparent  heat  or  li^t 
is  produced.  One  of  the  best  examples  of  this  is  the  msting  of 
iron.     When  iron  is  left  in  contact  with  the  atmosphere  it 
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slowly  turns  into  iron  oxide,  or,  as  it  is  commonly  called,  *'  rust." 
This  process  is  hastened  by  the  presence  of  water.  The  rust- 
ing of  iron  is  thus  exactly  like  the  burning  of  wood  except  that 
in  the  case  of  iron  the  change  takes  place  so  slowly  that  no  heat 
effect  is  apparent. 

26.  Speed  of  oxidation.  Different  substances  oxidize  at 
very  different  speeds.  Although  combustible  materials  com- 
bine with  oxygen  at  all  temperatures,  yet  in  every  case  the 
speed  is  increased  by  raising  the  temperature.  In  fact,  experi- 
ence shows  that  in  every  chemical  change  raising  the  temperature 
hastens  the  process.  Some  substances,  like  phosphorus,  oxidize 
so  rapidly  at  temperatures  only  slightly  higher  than  normal 
that  they  take  fire  on  merely  being  exposed  to  the  air.  This 
is  well  illustrated  by  the  following  experiment : 

Let  us  dissolve  a  little  phosphorus  in  carbon  disulfide  and  pour  a  few 
drops  of  this  solution  on  a  piece  of  filter  paper  supported  on  a  tripod. 
When  the  solvent  evaporates,  the  phosphorus 
is  left  widely  distributed  over  the  paper  and 

every  particle  comes  in  contact  with  the  air.  r*    ^  I     J     f — ^ 

Then  the  whole  mass  bursts  into  fiames  (Fig.  S-  i^  Y^^V  '       I 

21).     Under  these  conditions  combustion       (^        -L  C  h    y  )^      \\ 
starts  at  room  temperature. 

26.  Spontaneous  combustion.  This 
experiment  with  phosphorus  very  well 
illustrates  what  occurs  in  so-called 
spontaneous  combustion.  Rags  soaked 
with  oils  sometimes  take  fire  when  left 
lying  about  instead  of  being  placed  in 
a  closed  metal  can.  This  is  because  a 
slow  oxidation  of  the  oil  takes  place 
on  the  large  surface  exposed  to  the  air. 
The  rags  are  poor  conductors,  and  so  the  heat  developed  finally 
sets  the  mass  on  fire. 

27.  Kindling  point.  The  other  extreme  is  re^^tes^erdi^sd  Vs^ 
iron.    In  order  to  cause  this  substance  lo  bMm  i^j^^SJi-^  \V»  X's^ 


Fig.  31.    Spontaneous  com- 
bustion of  phosphorus. 
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necessary  first  to  get  it  into  a  finely  divided  condition,  then  to 
raise  it  to  a  high  temperature,  and  to  put  it  into  pure  oxygen. 
We  did  this  in  a  previous  experiment  by  coating  a  bundle  of 
iron  wires  with  sulfur  and  bringing  it  to  the  proper  temperature 
by  the  heat  evolved  through  the  rapid  combustion  of  the  sul- 
fur in  pure  oxygen;  imder  these  conditions  the  iron  itself 
finally  caught  fire  and  burned. 

We  are  all  familiar  with  the  fact  that  coal  can  be  made  to 
bum  only  by  first  building  a  wood  fire,  and  that  the  wood  must 
in  turn  be  ignited  by  paper,  which  again  is  Ugh  ted  with  a  match. 
In  this  series  the  burning  of  each  material  raises  the  tempera- 
ture of  the  next  until  it  in  turn  finally  "  catches  fire  "  and 
bums.  The  temperature  at  which  a  particular  material  will 
"  catch  fire  "  in  air  is  sometimes  called  the  kindling  point.  But 
the  temperature  is  only  one  of  the  conditions  which  produce 
combustion.  Finely  powdered  iron  will  start  burning  at  a  lower 
temperature  than  will  an  iron  wire  because  it  presents  relatively 
more  surface  to  the  air.  Besides  the  physical  condition  of  the 
solid,  the  pressure  of  the  surrounding  air  and  the  presence  or 
absence  of  a  catalytic  agent  also  determine  the  temperature  of 
ignition.  In  other  words,  there  are  several  conditions  which 
afifect  the  kindling  point. 

If  a  mixture  of  oil  vapor  and  air  is  raised  to  a  certain  tem- 
perature called  the  flash  point,  it  will  take  fire  and  burn  for  a 
moment.  In  many  states  the  laws  require  that  the  flash  point 
of  kerosene  shall  not  be  below  110°  F.  It  would  be  dangerous 
to  use  kerosene  of  low  flash  point  in  lamps  because  its  vapor 
mixed  with  air  might  explode. 

One  may  bum  a  little  gasolene  in  an  open  dish  without  danger  ; 
but  a  mixture  of  gasolene  vapor  and  air  may  bum  so  quickly  that 
it  causes  Ian  explosion.  Therefore  it  is  very  important  not  to  use 
such  liquids  as  gasolene  near  an  open  flame  since  they  evaporate 
rapidly  and  the  vapor  with  air  forms  an  explosive  mixture. 

28.  Extinguishing  fire.  When  we  wish  to  put  out  a  fire  we 
try  to  cool  the  burning  material  below  its  kindling  point  by 
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pouring  water  on  it.  This  usually  succeeds  if  we  have  sufficient 
water  at  hand.  All  methods  of  extinguishing  fire  depend  either 
upon  cooling  the  combustible  material  or  upon  excluding  the 
air  so  that  oxygen  is  no  longer  available  for  the  oxidation. 
If  we  use  water  we  combine  the  two  advantages,  although 
water  acts  chiefly  by  cooling  the  burning  material.  Sand 
and  gravel,  which  are  used  to  extinguish  certain  kinds  of  fires, 
such  as  burning  gasolene,  simply  smother  the  fire  by  excluding 
the  air.  So-called  chemical  fire  extinguishers,  as  we  shall  see 
in  Chapter  VII,  combine  the  cooling  efifect  of  a  liquid  with  the 
smothering  efifect  of  a  heavy  non-combustible  gas  which  hangs 
like  a  cloud  over  the  burning  material  and  excludes  the  air. 

29.  Commercial  uses  of  oxygen.  The  oxygen  of  commerce 
is  now  usually  made  from  liquid  air,  which  will  be  described  in 
section  78.  The  liquid  oxygen  boils  at  - 182.4°  C,  but  the 
nitrogen  boils  even  at  a  lower  temperature 
(—194°  C).  Therefore  the  latter  evaporates 
more  freely  than  does  the  oxygen.  When  the 
liquid  is  almost  pure  oxygen  (about  96  per  cent), 
the  gas  is  pumped  into  steel  cylinders  (Fig.  22). 
Physicians  sometimes  use  oxygen  for  patients 
who  are  suffering  from  pneumonia  or  suffocation. 
It  is  also  used  instead  of  air  when  intense  heat  is 
required,  as  in  the  acetylene  torch  and  calcium 
light,  Oxygen  in  tanks  is  used  to  restore  the  sup- 
ply in  the  atmosphere  of  submarine  boats.  It 
has  recently  been  found  that  the  aviators  who 
ascended  to  high  altitudes,  such  as  19,000  feet, 
where  the  air  is  rarefied,  get  only  half  the  usual 
amount  of  oxygen  and  so  become  "  dopey.'*  An 
equipment  has  therefore  been  designed  to  supply 
the  needed  oxygen  from  a  tank  through  a  connecting  tube  to 
a  face  mask  covering  the  mouth  and  nose.  All  miUtary  air- 
planes fljdng  over  an  altitude  of  10,000  feet  are  now  ecyji^^d 
for  the  use  ofartiScial  oxygen. 
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Fig.  33.  steel 
cylinder  of 
oxygen  under 
pressure. 


2S  OXYGEN 

SUMMARY  OF  CHAPTER  m 

OXYGEN  CAN  BE  PREPARED  BY: 

(a)  heating  red  oxide  of  mercuiy  (historic) ; 

(b)  heating  potassium  chlorate  (laboratoiy) ; 

(c)  evaporating  liquid  air  (commercial). 

A  CATALYST  is  a  substance  which  is  not  itself  altered  bttt 
which  causes  a  chemical  change  to  take  place  more  easily.  The 
addition  of  manganese  dioxide  to  potassium  chlorate  makes  the 
oxygen  come  off  at  a  lower  temperature. 

OXYGEN  is  a  colorless  odorless  gas  somewhat  heavier  than 
air.    It  combines  with  nearly  all  other  elements. 

OXIDATION  is  the  process  of  combining  a  substance  with 
oxygen. 

AN  OXIDE  is  a  compound  of  oxygen  and  another  element. 
Oxides  are  formed  when  an  element  biuns  in  oxygen  or  air. 

COMBUSTION  is  a  chemical  action  in  which  heat  and  light  are 
produced. 

ORDINARY  BURNING  is  a  rapid  oxidation  which  is  accom- 
panied by  heat  and  light. 

THE  KINDLING  POINT  of  a  material  is  the  lowest  temperature 
at  which  it  takes  fire  and  biuns. 

SPONTANEOUS  COMBUSTION  occurs  when  material  is 
raised  to  its  kindling  point  by  the  heat  produced  through  a  slow 
oxidation  which  starts  at  ordinary  temperatures. 

THE  SPEED  of  all  chemical  changes  is  increased  by  raising  the 
temperature. 

Questions 

1.  Name  three  metals  which  do  not  oxidize. 

2.  How  could  you  prove  experimentally  that  part  of  the  air  dis- 
appears in  the  rusting  of  iron  ? 

8.  Assume  that  potassium  chlorate  is  39%  oxygen.  If  12  grams 
of  potassium  chlorate  and  3  grams  of  manganese  dioxide  are  used  to 
produce  oxygen,  how  much  of  each  product  is  left  in  the  flask? 

4.  Explain  why  wood  in  the  form  of  shavings  bums  more  rapidly 
than  the  same  wood  in  the  form  of  a  log. 
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6.  Would  oxygen  bum  in  an  atmosphere  of  iUuminating  gas? 

6.  Why  does  coal  packed  closely  in  poorly  ventilated  bunkers 
often  take  fire? 

7.  Why  is  oxygen  sometimes  called  a  supporter  of  combustion? 

8.  When  metals  tarnish  or  rust,  do  they  change  in  weight? 

9.  Why  does  a  good  draft  make  a  fire  bum  more  rapidly? 

10.  Why  does  blowing  extinguish  a  candle? 

11.  What  is  the  danger  in  letting  the  wind  blow  out  a  gas  fiame? 

12.  Why  do  we  not  fill  balloons  with  oxygen? 

13.  How  would  you  distinguish  a  bottle  of  oxygen  from  a  bottle 
of  air? 

14.  How  would  you  prove  that  ordinary  tap  water  contains  dis- 
s Dived  oxygen? 

16.  What  is  the  safe  way  to  dispose  of  greasy  cloths  ? 

16.  If  your  clothing  caught  on  fire  how  would  you  put  it  out? 

17.  Why  do  firemen  and  miners  use  oxygen  helmets? 

18.  Why  are  buildings  sometimes  dynamited  to  stop  a  conflagra- 
tion? 

19.  Name  three  cases  of  practically  instantaneous  combustion. 

Topics  for  Further  Study 

Fire  prevention.  The  loss  of  life  and  property  by  fire  is  a  very 
serious  matter  in  the  modem  world.  State  and  municipal  governments 
have  x>assed  laws  tending  to  prevent  the  outbreak  of  fire.  What  are 
the  "  fire  laws  "  in  your  community?  What  means  are  provided  for 
extinguishing  fires?  What  are  the  relative  advantages  of  different 
kinds  of  fire-fighting  apparatus,  such  as  the  "  hand  engine,''  the 
"  steamer,"  the  **  chemical  engine,"  and  a  high-pressure  system? 
What  are  the  modem  methods  of  fireproof  construction?  What  are 
automatic  extinguishers? 

Early  American  chemists.  Why  is  the  life  of  Priestley  of  especial 
interest  to  Americans  ?  Who  were  some  of  the  early  American  chem- 
ists, and  what  did  they  accomplish?  {Moore's  History  of  Chemistry 
and  Smith's  Chemistry  in  America.) 


CHAPTER  IV 

HYDROGEN 

Occurrence  —  preparation  from  water  and  acids  —  dis- 
placement—purification—experiments to  iUustrate  its 
properties  —  chemical  behavior  —  reducing  agent  —  uses. 

30.  Where  hydrogen  is  found.  We  have  just  studied  one 
of  the  elements  in  water  —  oxygen;  in  this  chapter  we  shall 
deal  with  the  other  element  —  hydrogen.  This  element  is 
also  a  gas,  but  unlike  oxygen  it  does  not  occur  to  any  extent  in 
a  free  state  in  nature.  It  is  foimd  in  small  amounts  as  one  of 
the  constituents  of  natural  gas,  an  inflammable  mixture  of 
gases  which  issues  from  the  ground  in  certain  parts  of  the  world. 
Nearly  three-fourths  of  the  illuminating  gas  used  in  this  country 
is  water  gas,  which  is  about  38  per  cent  hydrogen.  It  is  also 
present  in  combination  with  other  elements  in  plants,  animals, 
and  in  the  human  body.  ' 

31.  Preparation  from  water.  We  have  already  (§  19)  seen 
that  iron,  when  heated  to  a  moderately  high  temperature,  com- 
bines with  oxygen.  If  we  heat  iron  wire  red-hot  in  a  porcelain 
or  iron  tube  and  then  pass  steam  through  the  tube,  the  hot 
iron  combines  with  the  oxygen  in  the  steam,  setting  free  the 
hydrogen,  which  may  be  collected.  The  chemical  change  in- 
volved in  this  experiment  may  be  represented  as  follows : 

iron.+  water  —^hydrogen  +  iron  oxide 

[hydrogenl  ("  iron  1 

oxygen  J  LoxygenJ 

Hydrogen  can  be  obtained  from  water  even  at  ordinary  tem- 
peratures by  means  of  certain  metals.  Thus,  if  a  small  bit  of 
metallic  sodium  is  dropped  on  water,  action  begins  at  once. 
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The  metal  is  very  light  and  runs  hissing  about  on  the  surface 
of  the  water.  As  the  action  often  ends  with  a  slight  explosion 
a  glass  plate  should  be  held  up  to  protect  the  eyes.  We  may 
collect  the  hydrogen  which 
is  evolved  by  the  action  of 
sodiiun  on  water  as  follows : 

Let  us  take  a  short  piece  of 
small  lead  pipe  (about  1  inch 
long  and  i  inch  bore)  with  one 
end  hammered  together,  and 
fill  it  with  freshly  out  sodiiun. 
If  we  drop  this  tube  with  its 
charge  of  sodium  into  a  dish  of 
water,  bubbles  rise  and  may  be 
collected  in  an  inverted  cylin- 
der filled  with  water  (Fig.  23). 

If  potassium  is  used  the 
action  is  more  violent  and 
so  much  heat  is  generated 
that  the  hydrogen  is  set  on 
fire.  When  calcium  is  used 
the  metal  sinks  to  the  bottom  of  the  vessel,  so  that  a  bottle 
filled  with  water  can  easily  be  inverted  over  the  metal  to  col- 
lect the  gas  as  it  is  formed.  In  each  of  these  cases  the  metal 
displaces  only  one-half  of  the  hydrogen  in  the  water;  it  com- 
bines with  the  remaining  half  and  with  all  of  the  oxygen  to 
form  the  compound  known  as  the  hydroxide  of  the  given 
metal.  The  chemical  reaction  of  sodium  and  water  may  be 
expressed  thus : 


Fig.  23.    Metallic  sodium  in  water  gener- 
ates hydrogen. 


sodium  +  water 

[hydrogen] 
oxygen  J 


hydrogen  +  sodium  hydroxide 

r   findiiiTn   ~i 


[sodium  ~i 
hydrogen  1 
oxygen  J 


The  sodiimi  hydroxide  and  potassium  hydroxide  are  very 
soluble  in  water,  but  most  of  the  calcium  hydroxide  is  not  dis- 
solves? and  may  be  seen  suspended  in  the  watei. 
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32.  Acttim  of  metals  oa  acids.  The  most  convenient  way 
of  preparing  hydrogen  in  the  laboratory  is  by  the  action  of 
certain  metals  oa  acids.  Acids  are  compounds  which  contain 
hydrogen  and  which  have  certain  peculiar  properties  which 
we  shall  consider  in  another  chapter.  The  commonest  acid  is 
sulfuric,  often  called  "oil  of  vitriol."  It  is  a  heavy  liquid 
which  mixes  with  water  in  all  proportions.  The  pure  liquid 
is  known  as  concentrated  sulfuric  acid  ;  when  it  is  mixed  with 
four  or  five  times  its  volume  of  water,  it  is  known  as  dilute 
sulfuric  acid.  Dilute  sulfuric  acid  reacts  vigorously  with 
commercial  granulated  zinc,  producing  hydrogen.  If  the 
zinc  and  the  acid  are  pure  the  action  is  very  slow  and  must 
be  catalyzed  by  addii^  a  Uttle 
copper  sulfate  solution  to  the 
acid. 

The  zinc  is  placed  ia  a  bottle 
fitted  with  a  twi>-liole  stopper 
(Fig.  24).  A  long  thistle  tube 
reaches  to  the  bottom  of  the 
bottle  and  ia  used  to  introduce 
the  acid  and  also  as  a  safety 
tube.  The  other  tube  serves  to 
conduct  the  hydrogen  tliroi^h 
the  tube  into  the  pneumatic 
troi^h.  After  the  apparatus  is 
asBembled  the  acid  is  poured 
through  the  thistle  tube  and  the  action  starts  at  once;  a  copious 
stream  of  gas  bubbles  through  the  pneumatic  trough  and  may  be  col- 
lected in  bottles. 

The  reaction  which  takes  place  in  this  case  may  be  repre- 
sented as  follows : 


zinc  +  sulfuric  acid  - 

r  hydrogHi-i 


line  sulfate 


The  other  product  of  the  reaction,  zinc  sulfate,  is  a  white 
solid  which  is  soluble  in  water  and  can  be  obtained  if  the  liquid 
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left  in  the  bottle  is  evaporated.  It  will  be  noticed  that  the  ele- 
ment zinc  has  taken  the  place  of  the  hydrogen  in  the  sulfuric  acid, 
liberating  the  hydrogen  as  the  free  element.  This  is  a  new 
kind  of  chemical  change ;  it  is  known  as  displacement.  Here  an 
dement  displaces  one  of  the  elements  from  a  compound,  setting  it 
free  J  and  unites  with  the  rest  of  the  constituents  of  the  compound. 

Other  nietals  besides  zinc,  such  as  magnesium,  aluminum, 
and  iron,  may  be  used  to  displace  the  hydrogen  of  dilute  sul- 
furic acid.  Other  acids,  such  as  dilute  hy- 
drochloric acid,  may  be  used  instead  of 
sulfuric. 

33.  Purification  of  hydrogen.  .  When  iron 
is  used  to  prepare  hydrogen,  the  gas  has  a 
distinct  odor,  due  to  the  impurities  usually 
present  in  iron  wire  or  filings.  Even  when 
commercial  zinc  and  acid  are  used,  the  im- 
purities carried  along  give  it  a  disagreeable 
odor.  We  may  remove  most  of  the  impuri- 
ties by  passing  the  gas  through  a  suitable 
solution  containing  sodium  hydroxide  and 
potassium  permanganate,  and  then  we  may 
absorb  the  water  vapor  by  the  use  of  a  ^^^'  ^5-  ^^^pp  fi;«ner- 
drying    agent,    such    as    granular    calcium 

chloride.  Hydrogen  when  pure  is  a  gas  without  color,  taste, 
or  odor. 

34.  Experiments  with  hydrogen.  A  steady  stream  of  hydrogen 
can  be  conveniently  produced  by  a  Kipp  generator.  This  apparatus 
(Fig.  25)  is  so  arranged  that  it  contains  a  small  reserve  of  hydrogen 
in  the  middle  bulb.  When  this  reserve  is  drawn  on  by  opening  the 
stopcock,  fresh  acid  automatically  rises  and  acts  on  the  zinc  which  is 
also  in  the  middle  bulb;  this  action  replenishes  the  supply  of  gas. 
If  too  much  gas  is  generated  the  acid  is  forced  away  from  the  zinc  and 
the  action  stops.     In  this  way  a  steady  stream  of  gas  is  delivered. 

First  we  shall  take  a  wide-mouthed  bottle  filled  with  hydrogen  and 
apply  a  flame  to  its  mouth ;  if  the  hydrogen  is  mixed  with  air,  a  slight 
pop  results,  but  if  free  from  air  it  burns  quietly. 
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Fig.  26.  Hydro- 
gen bums  but 
the  taper  does 
not  burn  in  it. 


If  we  lift  up  another  bottle  of  hydrogen  and  hold 
it  mouth  down  while  we  insert  a  lighted  taper  (Fig. 
26),  we  find  that  the  hydrogen  bums  around  the  mouth 
of  the  bottle  and  the  taper  is  extinguished.  On  being 
withdrawn  the  taper  is  again  lighted  in  passing  through 
the  burning  hydrogen.  The  operation  may  be  re- 
peated several  times  until  the  hydrogen  is  burned  up. 
This  striking  experiment  shows  thai  hydrogen  does  not 
**  support  combustion.'* 

To  show  how  very  light  hydrogen  is  we  may  at- 
tach a  common  clay  pipe  to  a  hydrogen  generator  and 
dip  the  bowl  in  a  soap  solution.    We  may  thus  fill  soap 
bubbles  with  the  gas  (Fig.  27) .    When  disengaged  from 
the  pipe  each  bubble  rises  rapidly  in  the  air.     The  gas 
is  so  light  that  a  soap  bubble  filled  with  it  can  lift 
another  containing  air  (Fig.  28). 
Another  striking  experiment  which  illustrates  this  same  point  is 
as  follows:  suspend  an  inverted  beaker  from 
one  arm  of  a  balance  and  then  pour  hydrogen 
up  into  it  (Fig.  29).     The  beaker  rises. 

We  shall  next  mix  equal  volumes  of  air  and 
hydrogen  by  bringing  a  bottle  when  only  half 
full  of  hydrogen  up  out  of  the  pneumatic  trough 
so  that  air  takes  the  place  of  the  water.  When 
a  flame  is  brought  near  such  a  mixture  of  gases 
there  is  a  loud  explosion. 

When  we  have  hydrogen  unmixed  with  air 
we  may  attach  to  the  generator  a  clay-pipe  stem  to  serve  as  a  jet  and 

may  light  the  hydrogen.    The  flame  is 
very  hot  but  gives  no  light ;  it  is  al- 
most without  color, 
being  only  slightly 
bluish. 

In  order  to  study 
the  product  of  burn- 
ing hydrogen  in  air 
we  attach  a  drying 
tube  filled  with  cal- 
cium chloride  be- 
tween the  jet  and 
the  generator.  When 
all  the  air  has  been 


Fig.  27.    Soap    bubbles 
filled  with  hydrogen. 


f  J  Hydrogtn 


Hydrogtm, 


Air 


Fig.  28.    Hydrogen  bubble  lifting  another  bubble  filled 

with  air. 
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expelled  from  the  apparatus,  the  hydrogen  bums  with  a  small  flame. 
If  we  hold  a  cold,  dry  bell  jar  over  the  flame,  as.  shown  in  figure  30, 
water  yai>or  is  soon  seen  condensing  on  the  jar,  and  after  a  short  time 
drops  of  water  run 
down  the  sides. 

35.  Properties 
of  hydrogen.    In 

such  experiments 
we  have  observed 
some  of  the 
characteristics  of 
hydrogen.  Like 
oxygen,  when 
pure  it  is  a  color- 

1  r1     1  ^^'  ^^*    ^^^^'^^  hydrogen  up  into  an  inverted  beaker. 

It  is  sixteen  times  lighter  than  oxygen,  being  in  fact  the  light- 
est of  all  known  substances.  Since  hydrogen  is  so  light  a  gas 
it  escapes  through  small  apertures  most  rapidly.    This  is  the 

reason  why  a 
small  rubber  bal- 
loon filled  with 
hydrogen  col- 
lapses more  rap- 
idly than  a  simi- 
lar balloon  Allied 
with  illuminat- 
ing gas.  The 
solubility  of  hy- 
drogen in  water  is 
very  slight,  being 
even  less  than 
that  of  oxygen. 


Fig.  30.    Water  is  formed  by  burning  hydrogen. 


Hydrogen  can  be  liquefied  by  compression  provided  it  is 
first  cooled  below  its  critical  temperature*  (—234°  C).    Liquid 

*  The  critical  temperature  of  a  gas  is  the  temperature  beVo^  '^bi^Vi  \\*  xo^^X* 
be  cooled  before  it  can  be  lique&ed  by  any  pressure  howevex  v«aX. 
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hydrogen  is  also  colorless  and  when  allowed  to  evaporate  rapidly 

it  freezes  to  a  colorless  sohd. 

36.  Chemical  behavior  of  hydrogen.    We  have  seen  that 

hydrogen  bums  in  the  air,  and  we  have  already  learned  that 

the  process  of  burning  is  the  rapid  union  of  a  substance  with 

the  oxygen  of  the  air ;  we  have  also  learned  that  when  elements 

bum  oxides  are  formed.    So  in  the  case  of  burning  hydrogen 

the  product  is  the  familiar  compound  of  hydrogen  and  oxygen 

—  water:  i    j  , 

hydrogen  +  oxygen  — >•  water 

Although  hydrogen  is  itself  readily  combustible  yet  it  is 
not  a  supporter  of  combustion;  that  is,  substances  will  not  bum 
in  it.  At  ordinary  temperatures  hydrogen  is  not  an  active 
element.  But  under  certain  conditions  it  does  combine  with 
many  of  the  elements.  For  example,  if  a  mixture  of  hydrogen 
and  chlorine  is  exposed  to  the  sunlight  the  two  gases  will  com 
bine  with  explosive  violence  to  form  hydrogen  chloride.  Under 
the  right  conditions  hydrogen  combines  with  nitrogen  to  form 
ammonia  and  with  sulfur  to  form  hydrogen  sulfide^  which  is  the 
gas  that  is  characteristic  of  rotten  eggs.  If  a  mixture  of 
hydrogen  and  oxygen  is  heated  to  about  800°  C.  a  violent 
explosion  occurs  and  water  is  formed. 

We  may  prepare  a  mixture  consisting  of  two  volumes  of  hydrogen 
and  one  volume  of  oxygen  (§  57)  and  pass  it  into  soapy  water  so  that 
a  froth  of  bubbles  filled  with  the  mixture  is  formed.  We  first  remove 
the  generator  and  then  set  the  froth  on  fire  with  a  long  gas-lighting 
taper.     The  mixture  burns  with  a  report  Hke  the  shot  of  a  gun. 

Although  at  a  comparatively  high  temperature  the  combina- 
tion of  hydrogen  and  oxygen  takes  place  with  great  violence,  yet 
these  two  gases  can  be  left  together  at  room  temperature  for 
a  very  long  time  without  chemical  action.  If,  however,  we 
introduce  certain  metals,  such  as  finely  divided  platinum, 
chemical  reaction  sets  in,  and  sometimes  the  platinum  becomes 
so  warm  that  it  glows  from  the  heat  produced  by  the  combi- 
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nation.  The  platinum  undergoes  no  change,  it  merely  acts  as 
a  catalyst.  We  may  think  of  the  catalyst  as  acting  like  oil 
which  is  applied  to  a  machine  as  a  lubricant.  We  grease  the 
bearings  to  make  the  wheels  go  around  more  easily ;  we  add  a 
catalyst  to  make  a  chemical  change  take  place  at  a  lower  tem- 
perature. 

37.  Reducing  action.  Hydrogen  will  not  only  combine 
with  gaseous  oxygen  when  heated,  but  will  remove  oxygen  from 
many  compounds. 

Copper  oxide  is  a  blaok  solid  oonsisting  of  the  two  elements  copper 
and  oxygen.  It  may  be  formed  by  heating  metallic  copper  in  the  air. 
This  oxidation  pro- 
ceeds slowly  and 
gradually  converts 
all  the  elementary 
copper  into  the  ox- 
ide. 

The  apparatus 
shown  in  ^gure  31 
is  so  arranged  that 
dry  hydrogen  may 
be  passed  over  hot 
copper  oxide.  -The 
oxide  is  placed  in 
the  glass  tube  and  Fig.  31.  Dry  hydrogen  is  passed  over  hot  copper  oxide, 
heated  with  a  burner 

until  it  is  almost  red-hot.  Hydrogen  is  then  passed  over  it.  Water 
is  formed  and  condenses  in  the  tube.  Metallic  copper  is  left  in  the  tube 
and  can  be  recognized  by  its  reddish  color  and  metallic  luster. 

When  hydrogen  combines  with  the  oxygen  of  a  compound 
and  thus  removes  it,  we  say  the  substance  has  been  reduced. 
Reduction  is  therefore  essentially  the  removal  of  oxygen.  During 
this  process  the  hydrogen  has  combined  with  the  oxygen,  form- 
ing water.    ThilS  change  can  be  expressed  thus : 


^^S' 


copper  oxide  +  hydrogen 

rcopper  1 
lojygeDj 


water  +  copper 

rhydTOKen  "\ 
L  oxygen  \ 
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The  combining  of  a  substance  with  oxygen  we  have  pre- 
viously defined  as  ozidatioii.  Therefore  the  hydrogen  has 
been  oxidized,  the  copper  oxide  has  been  reduced.  Reduction 
is  always  accompanied  by  oxidation.      If  one  snbstance  is  re- 


Krlgible  •inhip  R-34  which  croMed  the  AtUntlc. 

duced,  some  other  substance  must  be  oxidized.  Besides  hydro- 
gen there  are  other  substances,  such  as  carbon,  which  act  as  re-  ' 
ducing  agents,  and  we  shall  later  see  that  the  terms  "  oxidation  " 
and  "  reduction  "  are  often  given  a  somewhat  wider  meanii^. 
38.  Uses  of  hydrogen. 
Hydn^en  gas  has  a  few 
practical  applications. 
Because  it  is  the  lightest 
known  gas  it  is  used  to 
fill  balloons  and  dirigible 
I  airships  (Fig.  32).  Italso 
enters  into  the  process 
by  which  certain  vege- 
table and  animal  oils  are 
changed  into  hard  fats. 
This  process  is  called  ky- 
drogenation  and  will  be 
described  in  Chapter 
XXIV.  Hydrogen  for  commercial  purposes  is  usually  prepared 
by  the  electrolysis  of  water.  This  process  was  explained  in 
Chapter  II. 
The  Same  of  burning  hydrogen  is  very  hot  and  is  particu- 
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larly  so  if  oxygen  is  forced  into  it  in  a  suitable  burner.  This 
burner  is  very  similar  to  that  shown  in  figure  33,  which  is  an 
ordinary  blast  lamp  using  illuminating  gas  and  air  instead  of 
hydrogen  and  oxygen.  The  oxyhydrogen  fiame  was  formerly 
much  used  when  a  very  intense  heat  was  desired.  It  has  largely 
been  supplanted  by  the  oxyacetylene  flame  and  the  electric  arc. 

SUMMARY  OF   CHAPTER  IV 

HYDROGEN  MAY  BE  PREPARED  by : 

(a)  reaction  between  water  and  a  metal ; 

(b)  displacement  in  an  acid  by  a  metal 

(usual  laboratoiy  method) ; 

(c)  electrolysis  of  water  (commercial  method). 

HYDROGEN  IS  a  colorless,  odorless  gas.  It  is  the  lightest 
known  gas. 

HYDROGEN  BURNS  in  oxygen  or  air,  forming  water.  It  is  a 
powerful  reducing  agent.  When  a  substance  is  reduced  by 
hydrogen,  the  hydrogen  in  turn  is  oxidized.  Reduction  is  always 
accompanied  by  oxidation. 

THE  CHIEF  USE  of  hydrogen  is  to  fill  balloons  and  dirigibles. 
It  is  also  used  for  the  hydrogenation  of  oils.  The  oxyhydrogen 
flame  was  formerly  used  to  produce  intense  heat. 

Questions 

1.  In  what  properties  are  hydrogen  and  oxygen  alike?  In  what 
are  they  imlike? 

2.  What  property  has  hydrogen  which  makes  it  a  dangerous  sub- 
stance with  which  to  inflate  balloons  ? 

8.  How  would  you  test  hydrogen  to  see  if  it  were  contaminated 
with  air? 

4.  How  would  you  keep  a  bottle  of  hydrogen  overnight? 

6.  Could  pure  hydrogen  be  used  in  a  Bimsen  burner  instead  of 
iDuminating  gas? 

6.  What  is  the  essential  difference  between  oxides  and  hydroxides  ? 

7.  In  the  experiment  of  burning  hydrogen  to  iotui  ^%.\«t,  ^V^ 
is  it  neoesaary  to  dry  the  hydrogen  ? 
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8.  Why  is  oxygen  passed  through  the  inner  tube  of  the  oxyhydrogen 
blowpipe  rather  than  the  outer? 

9.  Do  we  ever  have  oxidation  without  reduction? 

10.  Name  the  three  types  of  chemical  reactions  which  have  been 
studied  thus  far  and  describe  briefly  an  example  of  each. 

11.  Is  it  necessary  to  use  a  pneumatic  trough  in  collecting  hydrogen? 

12.  Explain  how  the  thistle  tube  in  the  hydrogen  generator  acts 
as  a  safety  tube. 

18.  Hydrogen  can  be  ignited  by  holding  finely  divided  platinum 
in  a  jet  of  the  gas.     Explain. 

Topic  for  Further  Study 

Dirigible  airships  and  balloons.  What  are  the  relative  merits  of 
dirigibles  and  airplanes?  What  were  balloons  used  for  in  the  World 
War?  What  properties  of  hydrogen  make  it  valuable  for  balloons? 
What  properties  make  it  undesirable  ?  Have  any  other  gases  been  used 
to  fill  balloons?  (Creasy* s  Discoveries  and  Inventions,  and  TUden^s 
Chemical  Discovery  and  Invention.) 


CHAPTER  V 

GASES  AND  THEIR  MEASUREMENT 

What  is  the  density  of  a  gas  —  standard  conditions  — 
atmospheric  pressure  —  effect  of  pressure  on  volume,  Boyle's 
Law  —  effect  of  temperature  on  volimie,  Law  of  Charles  — 
absolute  temperature  scale  —  gas  equation  —  correction  of 
pressure  for  water  vapor  —  kinetic  molecular  theory. 

39.  How  to  get  the  density  of  a  gas.  One  of  the  important 
properties  of  any  substance  is  its  density.  In  the  case  of  a 
solid  or  liquid  we  have  only  to  weigh  a  definite  voliune  and 
then  compute  the  weight  of  a  unit  volume,  that  is,  the  niunber  of 
grams  per  cubic  centimeter.  But  in  determining  the  density 
of  a  gas,  such  as  air,  oxygen,  or  hydrogen,  we  have  a  much 
more  difficult  problem.  This  is  because  gases  are  all  very 
light  and  therefore  hard  to  weigh,  and  also  because  a  gas  has 
no  definite  volume  since  it  always  fills  the  containing  vessel. 
Then,  too,  the  volume  of  gases  is  very  much  influenced  by  the 
temperatiu^  and  pressure  to  which  they  are  subjected.  The 
principle,  however,  is  just  the  same  as  with  solids  and  liquids : 
we  weigh  a  given  volume  of  a  gas  under  known  conditions  of 
temperature  and  pressure,  then  compute  what  the  volume 
would  be  under  standard  conditions,  and  finally  calculate  the 
wei^t  per  unit  volume,  usually  the  number  of  grams  per  liter. 

4d.  Standard  conditions.  The  relative  densities  of  various 
gases  are  especially  important  to  the  chemist  both  theoretically 
and  practically.  •  It  is  necessary  first,  however,  to  fix  on  certain 
standard  or  normal  conditions  of  temperature  and  pressure. 
Chemists  have  generally  agreed  that  zero  degrees  ceuti^xojdje, 
(0^  C.)  and  760  millimeters  (mm.)  pressure  shall  be  ccmsiA^ted. 
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tfte  standard  temperaiwe  and  pressure 
for  gases.    Not  that  we  shall  always 
endeavor  to  measure  gases  at  0°  C. 
h-jj^  (the  temperature  of  melting  ice)  and 

—r  ^  =^  =  3  760  mm,  (the  average  pressure  of  the 
atmosphere  at  sea  level);  but  simply 
that,  knowing  the  ac- 
tual temperature  and 
pressure,  we  shall  cal- 
Difierences  of  level    culate  what  the  volume 


affect  TOlume  of  gas. 


of   the    gas   would  be 


under  these  standard  conditions. 

41.  Measurement  of  atmospheric  pressure. 
Since  we  usually  collect  gases  over  water  in  a  pneu- 
matic trough  and  make  the  level  of  the  water  in- 
side the  measuring  jar  or  bottle  the  same  as  that 
of  the  water  outside  (Fig.  34  A),  we  are  subjecting 
the  gas  to  atmospheric  pressure.  To  measure  the 
pressure  of  the  atmosphere  we  have  simply  to 
read  the  barometer.  The  mercurial  barometer 
(Fig.  35)  consists  of  a  column  of  mercury  which 
just  balances  the  pressure  of  the  atmosphere. 
Usually  the  instrument  consists  of  a  stout  glass 
tube  about  a  meter  long,  closed  at  one  end.  This 
has  been  completely  filled  with  mercury  and  then 
inverted  so  that  the  open  end  projects  into  a  cup 
or  reservoir  of  mercury.  The  mercury  in  the  tube 
sinks  to  a  level  about  760  millimeters  above  the 
mercury  surfaw  in  the  cup.  The  space  above  the 
mercury  in  the  tube  is  empty  except  for  a  minute 
quantity  of  mercury  vapor ;  in  fact,  it  is  the  most 
perfect  vacuum  that  we  know  how  to  make.'    To    ^-  "•,  "^ 

read  the  barometer  means  simply  to  measure  rometerfor 
accurately  the  height  of  the  mercury  column  above  '^^!J1^''' 
Hhe  suiface  of  tibe  Uquid  ia  the  reservoir.    Such,  a,      yiBuxn*. 
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barometer  indicates  the  variations  in  atmospheric  pressure  from 
day  to  day  due  to  fluctuations  in  the  atmosphere  itself ;  it  also 
indicates  diai^es  of  pressure  due  to  chaises  in  the  elevation  of 
the  observer. 

42.  How  the  volume  of  a  gas  changes  wlQi  pressure.  In 
order  to  compute  wAat  Uie  volume  of  a  given  weight  of  gas 
wotild  be  under  standard  con- 
ditions, we  must  first  find  out 
how  much  the  volume  of  a 
gas  varies  as  the  pressure 
changes.  This  was  first  in- 
vestigated for  the  ease  of  air 
by  an  Irishman,  Boyle  (Fig. 
36),  and  a  few  years  later  by  a 
Frenchman,  Mariotte.  The 
results  of  their  experiments 
showed  that  if  we  start  with 
a  given  volume  of  air  sub- 
jected to  a  certain  pressure 
and  then  double  the  pressure, 
the  volume  of  air  will  be  re- 
duced to  one-half.  If  the 
pressure  is  made  three  times 
as  great,  the  volume  of  the 
air  will  be  reduced  to  one- 
third,  provided  the  tempera- 
ture of  the  air  is  kept  con- 
stant. This  was  found  to  be 
a  general  principle  which  ap- 
plies to  all  gases.  It  is  known 
as  Boyle's  Law  and  may  be  stated  as  follows :  The  volume  of  a 
gaa  at  constani,  temperature  varies  inversely  as  the  pressure. 

This  may  also  be  expressed  in  symbols,  thus : 

y:V'::P':P 

(note  the  inuerae  ■ptov^riwstt^ 


FiQ.  33.    Robert  Botle 
(1626-1691). 

Pioneer  inveatigatot  in  phyaioa  a 
chemistry;  studied  effect  of  pt 
aure  on  volumes  of  gaaos ;  first 
realize  the  difference  between  « 
mentB  and  compounds. 
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where  V  and  V  denote  volumes  of  a  fpven  quantity  of  gas 
kept  at  some  fixed  temperature,  and  P  and  P'  denote  the  coi^ 
Fesponding  pressures. 

It  IB  easy  to  illustrate  this  law  by  an  experiment.     Suppose  we 
arrange  a  graduated  glass  tube  T  as  shown  in  figure  37.  '  Thu  is  oon- 
neoted  by  a  rubber  tube  to  a  smaU  reservoir  of 
^  mercury  which  may  be  raised  and  lowered.  First 

we  place  the  reservoir  ia  such  a  position  that  the 
mercury  in  it  is  exactly  level  with  that  in  the 
tube.  In  this  position  the  air  in  the  tube  is  under 
atmospheric  pressure.  We  note  the  volume  of 
air.  Next  we  raise  the  mercury  reservoir  and 
compress  the  air  until  its  volume  ia  reduced  to 
one-half.  When  it  reaches  this  point  we  find 
by  measurement  that  the  height  of  the  mercury 
in  the  reservoir  above  that  in  the  tube  is  about 
760  mm.  (or  whatever  the  barometer  reads). 
Hence,  we  have  subjected  the  gas  within  the  tube 
to  the  pressure  of  an  additional  atmosphere ;  in 
other  words,  there  ia  now  iwice  the  pressure 
upon  it  that  there  waa  at  first,  and  its  volume  ia 
reduced  to  one-half. 

In  the  same  way,  if  the  reservoir  be  lowered 
until  the  gas  in  the  tube  has  expanded  to  twice 
its  original  volume,  we  shall  find  on  measuring 
that  the  mercury  in  the  reservoir  stands  380  mm. 
below  that  in  the  tube.  Instead  of  being  under 
ordinary  atmospheric  pressure,  the  gas  is  now 
Fig.  37.  Appuatoi  (01  under  reduced  pressure.  It  is  subjected  to  a 
iUuMr«tiiig      BoflB's    pressure  of  760  mm.  -  380  mm.  or  380  mm.     In 

iSd"  br'rSJliSt*'Md  °^^^^  ""'■''''  *^^  P'^"^*'  '^  ""'y  '"^  ^*  """■ 
lowaiinc  marcur;  las-  nary  atmospheric  pressure,  and  the  volume  of 
arroir.  the  gas  is  doubled. 

43.  Use  of  Boyle's  Law  in  the  correction  of  gas  Tolumes. 

Suppose  a  quantity  of  oxygen  has  a  volume  of  1200  cc.  and  the 
barometer  stands  at  740  mm.  What  will  be  the  volume  under 
standard  pressure  (760  mm.)  ? 
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According  to  Boyle's  Law 

PV=P'V' 

Substituting  the  values  given  in  the  problem,  we  have 

760  7  =  740X1200 

or  7=1169  cc. 

It  will  serve  as  a  useful  check  on  this  result  to  note  that  the 
gas  under  standard  pressure  will  be  subjected  to  a  greater 
pressure  than  before,  and  accordingly  its  volume  will  be  less. 

Note.  In  solving  such  problems  in  chemistry  it  will  save  much  time  to 
use  a  four-place  loj^arithmic  table  or,  better  still,  a  slide  rule.  Generally  it  is 
sufficiently  accurate  to  get  three  significant  figures  (§115)   in  the  answer. 

Problems 

1.  What  volume  will  45  cc.  of  hydrogen  occupy  when  its  pressure 
changes  from  770  mm.  to  750  mm.  ? 

2.  If  380  cc.  of  oxygen  were  measured  at  745  mm.  pressure,  what 
would  be  the  volume  at  760  mm.  ? 

3.  A  gas  under  a  pressure  of  60  cm.  has  a  volume  of  645  cc.  What 
will  be  its  volume  under  a  pressure  of  80  cm.  ? 

4.  If  a  certain  quantity  of  gas  imder  standard  pressure  (760  mm.) 
occupies  950  cc.,  find  what  volume  it  would  occupy  when  subjected 
to  a  pressure  of  77  cm. 

6.  Oxygen  is  sold  in  steel  cylinders  under  a  pressure  of  150  pounds 
per  square  inch.  As  the  gas  is  used  the  pressure  drops.  When  it 
has  dropped  to  30  pounds,  what  fractional  part  of  the  original  gas 
remains? 

44.  How  the  volume  of  a  gas  changes  with  the  temperature. 
We  all  know  that  nearly  everything  expands  when  heated. 
For  example,  the  mercury  or  alcohol  in  a  thermometer  expands 
and  so  rises  in  the  stem  when  warmed.  But  perhaps  we  are 
not  familiar  with  the  fact  that  gases  when  warmed  expand 
mudi  more  than  liquids ;    thus,  air  expands  a\iO\3L\,  mi^a  MvcoKa^ 
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as  much  as  water.    Even  more  remarkable,  however,  is  the 
fact  that  all  gases  expand  at  nearly  the  same  rate. 

By  the  following  experiment  it  is  easy  to  measure  in  a  rough  way 
the  amount  which  gases  expand.     Suppose  we  take  a  glass  tube  of 

uniform  bore  (about  1  or  2  nmi.  in  diameter)  which  has 
been  closed  at  one  end  and  which  contains  a  little  pellet 
of  mercury  to  separate  the  inclosed  gas  AB  (Fig.  38) 
from  the  atmosphere.  (Dry  air  is  a  good  gas  with  which 
to  experiment.)  If  we  put  the  tube  down  into  a  pail 
of  cracked  ice  (a  freezing  mixture  at  0®  C),  the  gas  in 
the  tube  will  contract  and  we  can  measure  this  length 
AB  of  the  column  of  gas,  which  we  shall  assume  to  be 
273  mm.  If  we  put  the  tube  into  steam  at  100**  C,  the 
gas  will  expand  and  we  can  measure  its  length  again. 
This  length  AB'  we  shall  find  to  be  about  373  mm. 
From  this  experiment  we  see  that  the  air  expanded 
1  mm.  for  each  degree  rise  in  temperature  (the  expan- 
sion of  the  glass  can  be  neglected).  That  is,  the  gas 
has  expanded  ^Ifj  or  0.00366  of  its  volume  at  0^  C,  for 
each  degree  rise  in  temperature. 


ioo°c 
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Fig.  38.  Tube 
containing 
dry  air  and 
a  pellet  of 
mercury. 


46.  Absolute  temperature  scale^  In  the  ex- 
periment just  described  we  started  with  an  air 
column  273  mm.  in  length  at  0°  C. ;  if  we  had 
cooled  the  gas  from  0°C.  to  —  1°C.,  the  length 
would  have  been  shortened  a  millimeter ;  and  if  we  had  cooled 
it  to  — 10°  C,  the  length  of  the  air  column  would  have  become 
263  millimeters.  If,  then,  the  air  column  continued  to  con- 
tract at  the  same  rate  when  cooled  indefinitely,  the  volume  of 
the  air  at  —273°  C.  would  become  zero.  As  a  matter  of  fact, 
we  can  never  get  a  gas  to  so  low  a  temperature  as  —273°  C, 
because  every  known  gas  turns  into  a  liquid  before  that  tem- 
perature is  reached.  This  temperature  —273°  C.  is,  however, 
one  of  unusual  interest  in  the  study  of  gases.  It  is  called  the 
absolute  zero,  and  temperatures  measured  from  this  point  as 
zero  are  called  absolute  temperatures.  Absolute  temperatures 
may  be  designated  by  the  letter  A.  Thus,  0°  C.  is  273°  A., 
50°  C.  23  323''  A.,  and  IW  C.  is  373°  A.    To  chan.^  any  temr 
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CENTIGRADE 


ABSOLUTE 


peiature  from  the  centigrade  to  the  absolute  scale,  we  have 
merely  to  add  273  degrees  (Fig.  39). 

The  peculiar  interest  which  this  new  thermometer  scale  has 
for  the  chemist  lies  in  the  fact  that  the  volumes  which  a  given 
weight  of  gas  occupies  at  two  different  temperatures  are  di- 
rectly proportional  to  the  absolute  temperatures.  From  this 
discussion  of  absolute  temperatures  it  will  be  seen  that  the 
volume  of  any  gas  is  doubled  when  its  temperature  is  raised 
from  273*^  A.  (0°  C.)  to  2  X  273°  or 
546°  A.  (273°  C). 

46.  The  Law  of  Charles.  A  little 
more  than  a  century  ago  a  French- 
man, Charles,  studied  the  expansion 
of  gases  under  constant  pressure  and 
discovered  that  all  gases  expand  and 
contract  to  the  same  extent  under  the 
same  changes  of  temperature,  pro- 
vided there  is  no  change  in  pressure. 

In  generaly  the  volume  of  a  gas  is 
very  nearly  proportional  to  its  abso- 
hUe  temperature  when  the  pressure 
is  kept  constant.  This  is  known  as 
the  Law  op  Charles. 

This  relation  between  the  volume  and  temperature  of  a  gas 
can  be  very  concisely  expressed  algebraically : 
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where  V  and  V  represent  the  volumes  of  a  certain  quantity  of 
gas  at  the  same  pressure  but  ^t  different  absolute  temperatures, 
T  and  T',  If  t  is  the  temperature  on  the  centigrade  scale  when 
the  volume  is  F,  then  T=27S  +  t;  similarly,  r'  =  273  +  «'• 

For  bxamplb,  suppose  we  have  a  quantity  of  gas  which  measures 
320  cc.  when  the  temperature  is  Id""  C.     What  volume  m\i  XJoS^s  o^^>x^^ 
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First  change  the  centigrade  temperatures  given  in  the  problem 
to  absolute  temperatures  by  adding  273  and  then  substitute  in  the 
equation  for  the  Law  of  Charles : 

F   _      273 
320     273  +  15 

^^320X273^303^ 

In  solving  such  problems  the  student  would  do  well  to  com- 
pare his  result  with  the  original  volume  to  see  whether  it  is 
reasonable.  If  the  temperature  of  a  gas  measured  in  the 
laboratory  is  20°  C,  then  the  gas  under  standard  conditions 
would  contract  about  7  per  cent. 

Problems 

1.  What  volume  would  160  cc.  of  oxygen,  measured  at  17°  C, 
occupy  at  0°  C.  ? 

2.  If  250  cc.  of  gas  were  measured  at  -10°  C,  what  will  be  the 
volume  at  standard  temperature  ? 

3.  A  quantity  of  gas  occupies  100  cc.  when  measured  at  0°C. 
What  will  it  measure  when  heated  to  30°  C.  ? 

4.  Given  560  cc.  of  hydrogen  measured  at  10°  C.  If  the  gas  is 
heated  to  20°  C,  how  many  cubic  centimeters  will  it  then  occupy? 

6.  What  change  in  volume  would  occur  if  2  liters  of  gas  at  200°  C. 
were  cooled  to  0°  C.  ? 

47.  The  gas  equation.  In  practice  the  chemist  usually  has 
to  make  corrections  for  both  the  pressure  and  the  temperature 
in  reducing  his  volume  of  gas  to  standard  conditions.  It  will 
therefore  be  helpful  to  combine  the  Laws  of  Boyle  and  Charles 
into  one  equation :  py    pfy, 


r 


m 


It  will  readily  be  seen  that  this  equation  reduces  to  equation  I 
(Boyle's  Law)  when  T=T,  and  that  if  P  =  P'  the  equation 
becomes  F/r  =  7V^'j  which  is  another  form  of  equation  II 
(Charles'  Law).     Equation  III  is  called  the  gas  equation. 
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For  example,  suppose  we  wish  to  find  the  volume  of  a  certain 
quantity  of  gas  under  standard  conditions,  that  is,  at  0°  C.  and  760  mm. 
pressure,  when  it  is  known  to  occupy  1200  cc.  at  15°  C.  and  under  a 
pressure  of  740  mm. 

Substituting  in  equation  III  we  have 

1200  X  740  _  F^  X  760 
273  +  15         273  +  0 


whenoe 


^.^1200X740X273^1^^0^^ 
760X288 


48.  Correction  for  water  vapor.  As  we  have  said,  the 
chemist  in  the  laboratory  usually  collects  gases  over  water,  and 
in  this  case  there  is  one  more  correction  to  be  applied.  When 
a  gas  is  collected  over  water  and  the  level  of 
the  water  is  the  same  within  and  without  the 
measuring  vessel,  the  inclosed  gas  is  under 
atmospheric  pressure.  But  to  some  extent 
water  has  evaporated  into  the  vessel,  and  a 
part  of  the  volume  inclosed  is  due  to  the  water 
vapor  and  not  to  the  gas.  This  water  vapor 
exerts  a  certain  pressure,  depending  on  the 
temperature. 

We  may  demonstrate  this  pressure  of  water  vapor 
by  the  following  experiment:  We  take  a  strong 
glass  tube  (about  90  cm.  long)  closed  at  one  end 
and  fill  it  completely  with  clean  mercury.  If  we 
close  the  opening  with  the  finger,  we  may  invert  it    C 


in  a  small  dish  of  mercury.    Then  we  introduce  into    l^i«*  40.      Mercury 
the  vacumn  above  the  column  of  mercury  a  drop       ^^l^wan  with  drop 
of  water  with  a  medicine  dropper,  as  shown  in  figure 
40.     The  drop  A^  in  the  mercury  column  is  equal  to  the  pressure  of 
the  water  vapor  and  increases  as  the  temperature  rises. 

Therefore  the  pressure  inside  a  bottle  of  gas  collected  over 
water  is  the  pressure  of  the  gas  plus  the  water-vapor  pressure, 
wbjle  outside  it  is  simply  atmospheric  pressure.  What  we 
want,  however,  is  simply  the  pressure  exerted  by  tYva  ^^^  ^"c\- 
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lected.  Since  we  cannot  easily  remove  the  water  vapor,  we 
can  do  what  amounts  to  the  same  thing.  We  mbtrcLct  the 
pressure  of  the  water  vapor  (aqueous  tension),  expressed  in 
miUimeters  of  mercury ,  from  the  barometric  pressure,  and  the 
result  is  the  corrected  pressure.    This  we  use  in  our  calculation. 

Note.  —  A  table  in  the  Appendix  gives  the  pressures  due  to  water 
vapor  at  various  temperatures. 

For  example,  suppose  a  gas  measured  300  cc.  over  water  when 
the  barometer  read  740  mm.  and  the  temperature  was  25°  C.  What 
would  be  its  voliune  luider  standard  conditions  ? 

From  the  table  for  aqueous  tension  we  see  that  the  pressure  of 
water  vapor  at  25°  C.  is  24  mm. ;  therefore  the  corrected  pressure  is 
740-24,  or  716  mm. 

Substituting  in  the  gas  equation,  we  have 

300  X  716  ^  F^X760 
298       "      273 

whence  F'  =  259  cc. 


Problems 

1.  A  gas  measured  1050  eo.  at  740  mm.  and  22®  C.  What  would 
be  its  volume  under  standard  conditions  ? 

2.  A  quantity  of  hydrogen  and  water  vapor  standing  over  water 
in  a  measuring  tube  has  a  volmne  of  45.3  cc.  The  temperature  is 
22°  C. ;  the  barometer  reads  738  nun.  Correct  the  volume  of  hydrogen 
to  standard  conditions. 

3.  Ten  liters  of  gas  stand  over  water  at  20°  C.  with  the  barometer - 
reading  75  cm.  The  gas  is  passed  through  a  drying  agent  and  col- 
lected over  mercury.  If  the  temperature  and  barometric  pressure 
remain  constant,  what  will  be  its  volume? 

49.  Kinetic  theory  of  gases.  It  is  really  a  surprising  fact 
that  the  volume  of  all  gases  should  be  equally  affected  by 
changes  of  pressure  and  temperature.  To  explain  the  pressure 
exerted  by  gases  it  is  now  generally  supposed  that  all  gases  are 
made  up  of  very  minute  particles  called  molecules.  These 
molecules  are  so  minute  that  we  cannot  see  them  even  with 
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the  most  powerful  microscope.  In  one  cubic  centimeter  of  a 
gas  there  are  probably  not  less  than  10"  {that  ia,  1  followed  by 
nineteen  ciphers)  molecules.  The  spaces  between  the  molecules 
are  supposed  to  be  much  lai^r  than  the  molecules  themselves. 
This  explains  why  gases  are  so  easily  compressed. 

Then,  too,  it  is  conjectured  that  these  Uttle  particles  are 
flying  about  in  all  directions  with  great  velocity  and  are  travel- 
ing in  straight  lines,  except  when 
they  hit  each  other  and  bounce  off. 
The  molecules  of  a  gas  seem  to 
have  no  inherent  tendency  to  stay 
in  one  place.  This  explains  why 
gases  diffuse  so  quickly  and  fill 
the  whole  interior  of  a  containing 
vessel. 

We  may  ahow  the  difFusion  of  bro- 
mine vapor  by  pouring  a  little  liquid 
.    bromine  into  a  oylinder.    The  red  liquid 
quickly    evaporates   and   diffuses    up 
through  the  whole  cylinder  (Fig.  41). 

The  blows  which  the  innumer- 
able molecules  of  a  gas  strike 
against  the  surrounding  walls  con- 
stitute a  continuous  force  tending  '' 
to  push  out  these  walls.  This  ac- 
counts for  gas  pressures.  When  a  gas  is  compressed  to  half  its 
volume  the  pressure  is  doubled,  because  doubUng  the  density 
doubles  the  nmnber  of  blows  struck  per  second  against  the 
walls.  According  to  this  theory  the  expansion  of  a  gas  ndien 
heated  is  due  to  the  more  rapid  movement  of  its  molecules 
and  to  their  requiring,  in  consequence,  more  room  in  which  to 
fly  about. 

In  hquids  we  think  of  these   molecules   as   being   dosely 
packed  together ;   but  m  gases  they  are  widely  acaWeteA  -wiJOci. 
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much  vacant  space  between  them.  Thus  a  gas  may  be  con- 
sidered as  a  swarm  of  very  minute  particles.  All  laws  of  gases 
can  be  explained  by  this  kinetic  molecular  theory. 

SUMMARY  OF  CHAPTER  V 

DENSITY  of  a  gas  means  the  weight  in  grams  of  one  liter  of 
the  gas  under  standard  conditions. 

STANDARD  CONDITIONS  are  temperature  O^'C.  and  pres- 
sure 760  mm.  of  mercury. 

PRESSURE  of  a  gas  is  made  equal  to  atmospheric  pressure  by 
equalizing  the  water  levels  inside  and  outside  the  bottle. 

BOYLE'S  LAW :  Volume  of  a  gas  at  constant  temperature  varies 
inversely  as  pressure. 

DENSITY  of  a  gas  varies  directly  as  pressure. 

LAW  OF  CHARLES :  Volume  of  a  gas  under  constant  pressure 
varies  as  the  absolute  temperature. 

ABSOLUTE  TEMPERATURE  scale*  begins  273°  below  centi- 
grade zero. 

PV     P'V 
GAS  EQUATION:    ^^^-~ 

To  correct  for  water  vapor  subtract  aqueous  tension  from  baro- 
metric pressure. 

A  GAS  is  supposed  to  be  a  vacant  space  with  minute  particles 
scattered  throughout.  These  particles  are  called  molecules  and 
are  supposed  to  be  fl3ring  about  in  all  directions  with  great 
velocity.  Warming  a  gas  causes  more  violent  vibration  of  its 
molecules.  Pressure  of  a  gas  is  due  to  the  blows  which  these 
molecules  strike  against  the  surrounding  walls. 

QXTESTIONS  AND  PROBLEMS 

1.  Why  are  gases  so  much  more  susceptible  to  changes  in  temper- 
ature and  pressure  than  solids  ? 

2.  What  advantages  have  0®  C.  and  760  mm.  as  standard  condi- 
tions over  some  other  more  common  conditions? 

3.  When  we  say  the  pressure  js  760  mrr)     what  does  that  really 
mean? 
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4.  What  condition  as  to  temperature  must  always  be  stated  in 
Boyle's  Law? 

6.  What  condition  as  to  pressure  is  assumed  in  stating  the  Law 
of  Charles? 

6.  How  would  you  actually  go  to  work  to  weigh  a  gas? 

7.  If  the  water  levels  inside  and  outside  the  measuring  vessel 
cotdd  not  be  conveniently  equalized  (Fig.  34  B  and  C),  how  would 
you  make  correction  for  this  fact? 

8.  What  do  you  suppose  is  the  condition  of  the  molecules  at  abso- 
lute zero? 

9.  If  a  gas  is  collected  over  mercury,  do  we  need  to  make  a  correc- 
tion for  the  pressure  of  the  mercury  vapor?  * 

10.  Why  should  you  expect  the  pressure  of  water  vapor  to  increase 
with  the  temperature? 

11.  What  would  be  the  aqueous  tension  at  100°  C.  ? 

12.  It  is  an  experimental  fact  that  a  gas,  even  if  heavier  than  air, 
gradually  leaves  an  open  cylinder.  How  does  the  kinetic  theory 
explain  this? 

13.  The  barometric  pressure  in  the  laboratory  is  generally  less  than 
760  mm.  Will  the  corrected  volimie  be  greater  or  less  than  the 
observed  volume  of  a  gas  ? 

14.  In  collecting  a  gas  over  water  the  bottle  is  first  filled  with  water 
and  then  inverted  in  a  pneumatic  trough.  What  keeps  the  water  up 
in  the  bottle? 

16.  A  certain  quantity  of  oxygen  measures  40  cc.  when  the  pressure 
is  765  nun.  and  the  temperature  is  15°  C.  What  will  be  its  volume 
when  the  pressure  is  740  mm.  and  the  temperature  is  25°  C? 

16.  Twenty  cubic  centimeters  of  hydrogen  is  contained  in  a  measur- 
ing tube  in  which  the  level  of  the  water  is  39  mm.  above  the  outside 
level ;  find  the  corrected  pressure.  Assume  that  the  barometer  stands 
at  740  mm.,  and  the  temperature  is  21°  C. 
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CHAPTER  VI 

WATER  AND  ITS  COMPOSITION 

Ocourrenoe  and  importance  —  characteristic  properties  — 
change  of  state  —  solvent  power  of  water  —  impurities  in 
water  —  purification  of  drinking  water. 

.Chemical  composition  of  water  —  electrolysis  —  synthesis 
by  volume  —  Gay-Lussac*s  Law  of  Volumes  —  synthesis 
by  weight  —  percentage  composition. 

50.  Occurrence  and  importance.  Water  is  the  most  familiar 
of  all  chemical  compomids.  It  covers  about  five-sevenths  of 
the  earth  *s  surface  and  is  present  in  varying  amounts  in  many 
of  the  commonest  objects.  The  soil  under  normal  conditions 
contains  water,  which,  as  we  all  know,  is  necessary  to  the 
growth  of  plants.  The  plants  themselves  contain  large  quanti- 
ties of  it ;  in  fact,  most  of  the  vegetables  used  for  food  are  at 
least  three-quarters  water.  The  human  body  consists  of  about 
70  per  cent  water,  which  is  derived  from  our  food  and  drink. 
The  presence  of  water  vapor  in  the  atmosphere,  its  formation 
into  rain  and  snow  under  varying  conditions,  and  the  important 
part  it  plays  in  climatic  changes  are  famDiar  to  everyone. 
Because  water  is  fundamentally  so  important  in  the  growth  of 
plants  and  animals  and  in  the  production  of  climatic  changes, 
it  is  not  too  much  to  say  that  life  without  it  is  impossible. 

51.  Characteristic  properties.  Pure  water  is  an  odorless  liquid. 
In  small  quantities  it  is  colorless,  but  large  masses  show  a  dis- 
tinct blue  color.  When  sufficiently  cooled  it  solidifies  to  a  color- 
less solid  commonly  known  as  ice ;  when  heated  it  boils  and 
changes  rapidly  into  water  vapor,  or,  as  it  is  usually  called,  steam. 

One  cubic  centimeter  of  water  at  4°  C.  weighs  1  gram.  Its 
density  at  4°  C.  is,  therefore,  one  gram  per  cubic  centimeter. 
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The  specific  gravity  of  a  substance  is  the  ratio  of  its  density  to 
the  density  of  water.  Thus,  the  specific  gravity  of  mercury  is 
13.6,  which  means  that  it  is  13.6  times  as  heavy  as  water. 

62.  Changes  of  state.  When  Uquid  water  freezes  into  ice 
or  boils  off  as  steam,  we  say  that  it  has  changed  its  state.  All 
materials  can  be  classified  as  solid,  liquid,  or  gaseous.  These 
are  caUed  the  three  states  of  matter.  The  transformatiqn 
from  one  to  another  is  a  purely  physical  change,  and  the  tem- 
perature at  which  it  takes  place  is  a  very  important  physical 
property  of  the  substance.  The  temperature  at  which  water 
freezes  to  ice  is  taken  as  0°  on  the  centigrade  thermometer  and 
is  marked  32°  on  the  Fahrenheit  scale.  The  centigrade  scale 
is  the  one  that  is  used  in  nearly  all  scientific  work.  The  tem- 
perature at  which  solid  ice  melts  to 
water  is  also  0°  C.  Liquid  water  is 
always  passing  to  some  extent  into 
the  gaseous  state,  a  process  which  is 
called  evaporation,  familiar  to  every- 
one as  the  way  in  which  wet  clothes 
slowly  dry.  Since  water  vapor  is  a 
gas  it  is  invisible,  and  the  white 
clouds  which  are  sometimes  called 
steam  are  not  gaseous  water  at  all, 
but  consist  of  very  fine  drops  of 
water  formed  by  the  vapor  as  it  sud- 
denly returns  to  the  hquid  condition. 

We  may  demonstrate  that  gaseous  FiK-  42.  Cloud  of  ••steam" 
water,  or  "  live  steam,"  is  invisible  by  [^>  diBappears  when  heated 
the  following  experiment:    We  place  a 

little  water  in  a  large  flask  provided  with  a  one-hole  stopper  and  bent 
tube,  as  shown  in  figure  42  A.  When  the  water  boils  rapidly  a  cloud 
of  '*  steam  *'  escapes  from  the  tube.  It  will  be  seen  that  the  flask  is 
clear  although  full  of  steam.  If  we  now  hold  under  the  jet  of  steam 
another  Bunsen  burner  (Fig.  42  B),  the  cloud  at  once  disappears 
because  the  flame  has  warmed  the  air  so  that  the  steam  does  not  con- 
dense. 
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The  evaporation  of  water  at  ordinary  temperatures  is  slow 
but  becomes  more  rapid  as  the  temperature  rises.  When  the 
temperature  is  raised  sufficiently  high,  bubbles  of  water  vapor 
rise  through  the  liquid  and  the  water  is  said  to  boil.  At  this 
point  the  evaporation  is  very  rapid.  The  temperature  at 
which  this  phenomenon  takes  place  depends  on  the  barometric 
pressure  (Chapter  V).  The  boiling  point  of  water  at  760  mm. 
pressure  is  100°  C.  The  temperatures  at  which  a  substance 
freezes  and  boils  are  called  the  melting  point  and  the  boilmg 
point  respectively. 

63.  Solvent  power  of  water.  Water  will  dissolve  a  great 
many  substances ;  for  example,  salt  and  sugar.  This  process, 
in  the  simpler  cases  at  least,  is  probably  merely  a  mechanical 
one.  We  may  consider  the  liquid  which  is  formed  by  dissolving 
sugar  in  water  (called  a  solution)  as  a  mixture.  We  use  water 
to  make  solutions  of  a  great  many  different  substances,  both 
because  water  is  cheap  and  easily  obtained  and  because  it  will 
dissolve  so  many  materials.  We  speak  of  the  liquid  which  is 
used  in  making  a  solution  as  the  solvent ;  we  express  the  ease 
with  which  water  dissolves  substances  by  saying  it  has  great 
solvent  powers.  (See  Table  of  Solubilities  in  Appendix.) 
A  water  solution  of  a  material  is  often  called  an  aqueous  solution. 

64.  Natural  water  is  impure.  Since  water  is  such  an  excellent 
solvent  it  is  never  found  pure.  Sea  water,  for  example,  has  a 
considerable  amount  of  common  salt  and  many  other  sub- 
stances dissolved  in  it.  Water  obtained  from  certain  wells 
and  springs  contains  only  a  small  amount  of  dissolved  ma- 
terial; but  the  purest  form  of  natural  water  is  rain  water. 
Even  this,  however,  contains  dust  from  the  air  and  dissolved 
gases.  Besides  the  dissolved  impurities  natural  water  usually 
has  a  great  deal  of  material  mechanically  suspended  in  it. 
This  generally  consists  of  very  fine  particles  of  soil  and  causes 
what  is  commonly  called  "  muddy  water." 

Still  another  sort  of  impurity  is  organic  matter,  which  is 
partially  suspended  and  partially  dissolved  and  which  con- 
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sists  of  compounds  formed  from  plants  and  animals.    These 
come  from  the  plant  life  in  the  soil  and  from  sewage.    Associated 
with  the  organic  material  and  living  on  it  are  microorganisms, 
or  bacteria,  many  of  which  cause  disease.    Their  presence  in 
water  is  ahnost  always  due  to  contamination  with  the  waste 
products  of  animal  life.    Certain  diseases,  for  example  typhoid 
fever,  are  often  contracted  by  drinking  water  which  is  thus 
polluted  and  into  which  the  typhoid  bacteria  have  found  their 
way  from  persons  suffering  with  the  disease.    Because  water 
contaminated  with  sewage  is  very 
dangerous,  towns  and  cities  must 
go  to  extreme  measures  to  obtain 
their  supply  from  uncontaminated 
sources,  and,  if  this  is  impossible, 
to  purify  carefully  the  water  which 
is  used. 

66.  Purification  of  water.  Water 
may  be  purified  in  four  ways.  Only 
the  first  produces  really  pure  water. 
The  other  methods  remove  or  de- 
stroy some  of  the  materials  which 
make  it  unfit  for  drinking  pur- 
poses. 

(1)  Distillation.  All  the  dis- 
solved and  suspended  materials 
can  be  removed  by  a  process 
called   distillation.    The  water  is 

,.!•,.  1      1  •  1     •  Fig.  43.    Making  distilled  water 

boiled  in  a  vessel  which  is  so  ar-  in  the  laboratory, 

rangied  that  the  steam  will  pass 

through  a  cold  tube  and  again  return  to  the  liquid  con- 
dition (Fig.  43).  This  change  of  water  vapor  to  liquid  water 
is  caUed  condensation,  and  the  apparatus  in  which  it  takes 
place  is  called  a  condenser.  The  water  which  drops  from 
the  end  of  the  condenser  is  pure,  the  impurities  being  left 
behind  in  the  vessel  in  which  the  water  was  boW^di.    T>vb>^^^ 
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water,  as  it  is  called,  is  used  in  the  laboratory  when  pure  water 
is  desired.  It  is  sometimes  used  for  drinking  purposes  but 
has  a  peculiar  "  flat "  tastfi  because  it  contains  no  dissolved 
air  or  other  materials.  This  taste  may  be  partially  removed 
by  bubbling  air  through  the  water,  which  dissolves  a  small 
quantity  of  the  air  and  thus  becomes  more  palatable. 

(2)  Filtration.    The  suspended  material  in  water  may  be 
removed  by  filtration.     This  is  done  on  a  large  scale  in  cities 


Fig.  44.    Filtering  water  through  beds  a[  Band. 

\^ere  the  only  supply  comes  from  muddy  rivers,  or  similar 
•  sources.  The  water  is  allowed  to  pass  slowly  through  beds  of 
gravel  and  sand  (Fig.  44).  The  suspended  material  is  caught 
between  the  small  particles  of  the  sand  and  retained.  The 
water  issuing  from  the  bottom  of  the  filter  bed  still  contains  all 
the  dissolved  impurities,  but  it  is  free  from  suspended  matter 
and  is  much  more  suitable  for  household  uses. 

(3)  Boiling.     Water  which  contains  harmful  bacteria  may 
be  made  fit  to  drink  by  boihng  for  a  short  while.    This  so- 
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called  process  of  purification  does  not  really  remove  any  of  the 
impurities,  but  merely  kills  the  microorganisms  (Fig.  45)  which 
cause  disease.  These  minute  forms  of  plant  life  cannot  live 
at  the  temperature  of  boiling  water.  When  they  are  dead  they 
can  no  longer  cause  disease.  This  method 
of  treating  water  is  very  effective  from  the 
standpoint  of  health,  but  is  too  expensive 
to  be  utilized  except  on  a  small  scale  in 
special  emergencies. 

(4)  Chemical  treatment  of  drinking 
water.  The  bacteria  may  be  destroyed 
by  other  methods  besides  boiling.  A 
number  of  cheinical  substances  when  p.^  ^^  g^^^^^^  3^^^ 
added  to  water  in  very  small  amounts  times  found  in  drinking 
kill  the  microorganisms.  Chlorine  and  "^^l]^  ^^"**^y  "*«" 
hypodilorous  acid  are  two  such  materials ; 
but  we  shall  reserve  a  full  discussion  of  this  method  of  purifica- 
tion until  we  have  considered  these  substances.  This  process 
of  diemical  purification  is  rapidly  becoming  very  important. 
A  process  closely  akin  to  it  is  the  way  in  which  natural  run- 
ning water  will  in  time  purify  itself.  The  oxygen  of  the  at- 
mosphere dissolves  in  the  water  and  chemically  acts  on  the 
bacteria,  destroying  them.  This  is  a  slow  process,  but  in  a 
modified  form  has  been  used  to  some  extent  for  purifying  city 
water.  The  water  is  sprayed  into  the  air  in  fountains,  thus  al- 
lowing as  much  opportunity  as  possible  for  the  chemical  action 
of  the  air. 

Composition  of  Water 

66.  Decomposition  of  water.  We  have  already  seen  (§9) 
that  water  may  be  decomposed  by  an  electric  current  into 
hydrogen  and  oxygen.  This  chemical  change  can  be  repre- 
sented thus :  .  ,    J 

water  — ►-  hydrogen  +  oxygen 

Besides  this  fact  we  recall  that  the  volume  oi  ViydTO^^Kw  %<£wev^\fc^ 


Fig.  46.  A  mixture 
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was  double  that  of  the  oi^rgen.  Knowing  the 
densities  of  hydrogen  and  oxygen  we  mi^t  com- 
pute the  weights  of  these  gases,  which  are  the 
constituent  elements  in  wat^r,  and  so  get  the 
percentage  composi- 
tion of  water. 

67.  Synthesis  of 
water  by  volume. 
The  electrolysis  of 
water  is  a  method  of 

VhydrogMand    decomposition,  or 

oxygen  prepared    analysis,  which  means 

by  electrolvBiB.       i,  ,        ■  j.  n       i 

"  tearing    apart.       A 

more   decisive   determination   of    the 

composition  of  water  is  brou^t  about 

by  an  actual  observation  of  the  fact 

that  the  gases  hydrogen  and  oxygen 

unite  in  the  proportion  of  two  volumes 
of  hydrogen  to  one  of 
oxygen  to  form  water. 
This  process  of  experi- 
mentation is  called  syn- 
thesis, which  means 
"  putting  together." 

The  experiment  of  com- 
bining the  two  gaaes  ia  usu- 
ally carried  on  in  a  piece  of 
apparatus  called  a  eudiom- 
eter.    This  is  a  graduated 

glaas  tube  with  two  platinum    ^'-  f'    y*?""","*  "J*;" 
,   ,  ,    ,       ,  produced  by  union  01  by- 

-""H  fused  through  the  glass       drogen  and  oxygen. 

f  the  closed  end.    There 

spark  gap  of  2  or  3  mm.  between  the  ends  of  the 

IS.    The  tube  is  first  entirely  filled  with  mercury  and 

hydrogenand   inverted  in  a  jar  of  the  same  liquid.    Then  a  mixture 

oxnva-  of  one  volume  of  oxygen  and  two  volumes  of  hydrogen 


•^ — ^^^ 
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is  prepu«d  by  deetrolysis  (Fig,  46)  and  introduced  into  the  tube 
(Figi  47)  until  it  is  about  three-fourths  full  of  gaa.  An  electric  spark 
from  aa  induction  coil  causes  the  gases  to  combine,  and  at  once 

we  see  that  the  mercury  rises  

until  it  reaches  the  top  of  the 
tube.  The  water  formed  has 
condensed  to  a  slight  dew. 

If  the  experiment  is  per- 
formed with  the  tube  surrounded 
by  a  wider  one  through  which 
steam  passes  (Fig.  48),  the  con- 
densation of  the  resulting  steam 
is  prevented.  In  this  case  it  is 
found  that,  when  all  the  gases 
are  measured  at  the  same  tem- 
perature (about  100°  C.)  and  at 
the  same  pressure,  a  shrinkage  of 
one-tkird  has  occurred.  (Care 
must  be  taken  to  adjust  the  ap- 
paratus BO  that  the  top  of  the 
mercury  in  the  tube,  both  before 
and  after  the  change,  is  at  the 
same  height  above  the  free 
surfaoe  of  the  mercury  in  the 
jar.) 

This  experiment  shows  that  the  volume  of  the  steam  is  just 
equal  to  the  volume  of  the  hydrogen.     In  other  worda, 


Fio.  49.    Joseph  Loois  Gay-Ldssac 
(1778-1850). 

A  French  chemist  noted  for  his  reaearohea 
on  the  combining  volumes  of  gases. 


2  vol.  hydrogea-|-I  vol.  oxygen  - 


3^1 


68.  Gay-Lussac's  law  of  volumes.  It  is  astonishing  that 
the  combining  volumes  of  these  gases  should  bear  this  simple 
and  exact  ratio  to  one  another.  When  other  gases  are  care- 
fully studied  in  the  same  way,  it  is  found  that  the  volumes  of 
gases  used  and  produced  in  a  chemical  change  can  always  be 
represenied  by  the  ratio  of  smalt  whole  numbers.  This  exceed- 
ingly interesting  fact  was  discovered  by  Gay-Lussac  (Fig.  49) 
in  IS08. 
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Dry 
Hydrogen 


69.  Composition  of  water  by  weight.  To  determine  the 
relative  weights  of  the  elements  which  are  combined  in  water, 
we  take  advantage  of  the  reaction  between  hydrogen  and  copper 
oxide.  In  this  experiment  we  weigh  the  water  produced  by 
reducing  a  known  weight  of  copper  oxide.  The  loss  in  weight 
of  the  copper  oxide  gives  us  the  weight  of  the  oxygen  used,  and 
the  difference  between  the  weight  of  the  water  formed  and  the 

weight  of  the  oxygen 
gives  the  weight  of 
the  hydrogen.  The 
apparatus  is  essen- 
tially the  same  as 
that  already  shown 
in  figure  31.  The 
copper  oxide  (A  in 
Fig.  50)  is  reduced; 
the  water  is  collected 
and  weighed  in  a 
U-tube  {B)  contain- 
ing a  drying  agent, 

Pig.  50.    Apparatus  for  finding  the  relative  weights    g^^j^  ^^  calcium  chlo- 
of  hydrogen  and  oxygen  in  water. 

ride. 

This  method  of  determining  the  composition  of  water  was 
first  used  in  1820  by  Berzelius,  and  the  work  was  repeated  in 
1843  by  Dumas.  In  recent  years  the  American  chemist  Morley 
has  determined  the  composition  of  water  with  very  great 
precision.  According  to  the  results  of  his  experiments,  1  part 
by  weight  of  hydrogen  combines  with  7.94  parts  by  weight  of 
oxygen  to  form  water.  This  is  often  called  the  gravimetric 
synthesis  of  water. 

Such  an  experiment  in  which  the  weights  or  volumes  of  the 
materials  involved  are  carefully  measured  is  called  a  quantita- 
tive experiment.  The  other  sort  of  experiment  in  which  we 
observe  only  the  nature  of  the  change  and  the  properties  of  the 
products  is  called  a  qualitative  experiment. 
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60.  Percentage  composition  of  water.  This  experiment 
illustrates  very  well  the  Law  of  Defiboite  Proportions;  for  it  is 
found  that  all  samples  of  pm'e  water,  from  whatever  source, 
show  when  analyzed  that  1  part  by  weight  of  hydrogen  has 
combined  with  7.94  parts  by  weight  of  oxygen.*  From  the 
fact  that  there  is  no  change  of  weight  during  a  chemical  change 
(Law  of  Conservation  of  Matter)  we  know  that  the  hydrogen 

must  be  ^^    -q.  or  11.2  per  cent  of  water,  and  that  the  oxygen 

7  94 
must  be  ^  .'704  or  88.8  per  cent  of  water.     In  other  words,  water 

8  1 

is  about  Q  oxygen  and  q  hydrogen  by  weight. 


SUMMARY  OF   CHAPTER  VI 

WATER  is  one  of  the  most  important  compounds. 

Water  exists  in  three  states:  solid  (ice),  liquid,  and  gaseous 
(^eam).  It  freezes  at  0°  C.  and  boils  at  100°  C.  One  cubic 
centimeter  of  water  at  4°  C.  weighs  1  gram. 

Water  is  an  excellent  solvent  for  many  substances;  resulting 
solutions  are  called  aqueous  solutions. 

NATURAL  WATERS  are  impure;  they  contain  dissolved  and 
suspended  material  and  sometimes  bacteria. 

PURE  WATER  can  be  prepared  by  distillation.  Suspended 
material  may  be  removed  by  filtration.  Disease  bacteria  may  be 
destroyed  by  boiling,  or  by  adding  small  amounts  of  certain  chem- 
icals. 

THE  COMPOSITION  of  water  can  be  shown  by  analysis  and 
by  synthesis.  Two  volumes  of  hydrogen  unite  with  1  volume  of 
oxygen  to  form  2  volumes  of  steam. 

LAW  OF  GAY-LUSSAC :  The  volumes  of  gases  used  and  pro- 
duced in  a  chemical  change  can  always  be  represented  by  the  ratio 
of  small  whole  numbers. 

COMPOSITION  OF  WATER  BY  WEIGHT :  1  part  by  weight 
of  hydrogen  and  7.94  parts  by  weight  of  oxygen. 
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Questions  and  Problbbcs 

1.  How  would  you  prove  that  a  certain  colorless  liquid  was  water? 

2.  How  would  you  proceed  to  determine  the  total  amount  of 
solids  present  in  a  sample  of  water? 

3.  Why  is  rain  water  the  purest  form  of  natural  water? 

4.  How  could  a  steamship  in  mid-ocean  obtain  a  supply  of  drink- 
ing water? 

6.  Can  water  be  purified  by  freezing? 

6.  How  would  you  destroy  bacteria  in  water? 

7.  How  could  you  prove  that  the  air  of  the  laboratory  contains 
water  vapor? 

8.  How  could  you  demonstrate  that  "  live  steam  "  is  colorless? 

9.  Name  two  or  more  other  substances  besides  water  which  exist 
in  three  states. 

10.  Name  two  other  common  solvents  besides  water. 

11.  Why  do  we  need  to  drink  water? 

12.  If  one  liter  of  hydrogen  under  standard  conditions  weigks 
0.09  grams,  and  one  liter  of  oxygen  under  the  same  conditions  weighs 
1.43  grams,  calculate  from  the  results  of  the  electrolysis  of  water 
its  composition  by  weight. 

13.  When  20  cc.  of  hydrogen  and  8  cc.  of  oxygen  are  placed  in  a 
eudiometer  and  ignited,  what  volume  of  steam  is  formed?  What 
gas  and  how  much  of  it  remain  in  excess? 

14.  In  studjdng  the  composition  of  water  by  weight  Dumas  obtained 
the  following  results : 

Weight  of  water  formed 945.439  g. 

Oxygen  taken  from  copper  oxide 840.161  g. 

Weight  of  hydrogen  in  water 105.278  g. 

Compute  the  percentage  composition  of  water  from  these  figures. 

16.  A  current  of  steam  is  passed  over  some  clean  iron  filings 
which  weigh  4.131  g.  The  iron  filings  are  found  to  have  increased  in 
weight  to  4.846  g.  (o)  What  weight  of  steam  has  been  decomposed 
in  this  experiment?  (b)  What  weight  of  hydrogen  has  been  set  free? 
(c)  What  volume  would  it  occupy  imder  standard  conditions? 

(Assume  1  liter  of  hydrogen  weighs  0.09  grams.) 
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Revibw  Questions 

1.  Write  a  oa«refiil  statement  of  five  laws  which  we  have  studied 
thus  far. 

2.  Describe  a  laboratory  experiment  to  illustrate  each  of  these 
laws. 

3.  Write  out  a  definition  of  each  of  these  technical  terms  as  used 
in  chemistry:  elementj  aubstancej  mixture,  compound,  alloy,  catalyst, 
solvent,  boiling  point,  melting  point,  absolute  zero, 

4.  Give  an  illustration  of  the  correct  use  of  each  of  the  terms  men- 
tioned in  number  3. 

6.  Describe  two  methods  of  showing  experimentally  that  water  con- 
tains hydrogen  and  oxygen,  and  explain  the  tests  which  must  be  applied 
in  each  case. 

Topics  for  Further  Study 

Drinking  water.  What  is  the  source  of  yom*  water  supply  ?  What 
methods  of  pmification  are  used?  Make  a  trip  to  the  local  water 
works.  Is  the  appearance  of  water  a  safe-  indication  of  its  desirability 
for  drinking  purposes  ? 

Importance  of  water  to  life.  What  is  the  rdle  of  water  in  climatic 
changes?  Is  the  prosperity  of  a  country  affected  by  the  rainfall? 
What  has  been  done  in  recent  years  to  supply  water  to  arid  regions  ? 
How  do  you  account  for  the  presence  of  so  much  dissolved  material  in 
the  sea,  and  so  little  in  rivers,  ponds,  and  most  lakes? 


CHAPTER  VII 
THE  TWO  OXIDES  OF  CARBON 

Dioxide  —  production  by  burning  and  decay  —  test  — 
used  by  plants  —  preparation  by  action  of  acids  on  car- 
bonates —  experiments  —  properties  —  liquid  and  solid  — 
commercial  uses. 

Monoxide  —  produced  in  coal  fire  —  by  reduction  —  from 
formic  acid  —  properties  —  uses. 

Composition  of  the  dioxide  and  monoxide  —  Law  of 
Multiple  Proportions. 

61.  Production  of  carbon  dioxide.  When  we  burned  char- 
coal (carbon)  in  oxygen  (§  19),  the  product  was  a  gas  which 
we  called  carbon  dioxide.  This  process  is  going  on  all  about 
us  wherever  charcoal,  coke,  coal,  or  wood  —  fuels  which  are 
largely  composed  of  carbon  —  are  being  burned.  This  same 
gas  is  being  produced  on  an  even  greater  scale  by  the  slow 
combustion  of  food  in  animals,  and  by  the  decay  of  wood  and 
dead  leaves. 

One  of  the  essentials  of  the  life  process  in  animals  is  the  slow 
oxidation  of  the  food  which  has  been  consumed ;  this  oxidation 
liberates  the  heat  which  keeps  the  body  warm.  The  oxidation 
takes  place  by  means  of  the  oxygen  of  the  air  which  is  breathed. 
The  products  of  the  combustion  —  carbon  dioxide  and  water 
vapor  —  are  exhaled  with  each  breath. 

We  may  prove  that  carbon  dioxide  is  present  in  the  breath  by  a 
simple  experiment.  If  by  means  of  a  glass  tube  we  blow  through 
some  clear  limewater*  in  a  large  test  tube,  as  shown  in  figure  51,  we 

*  To  make  limewater,  place  a  handful  of  powdered  lime  in  a  big  bottle  and 
fill  this  up  with  water ;  cork  it  up,  and  shake  it  for  a  minute.  Then  leave  the 
mixture  overnight  to  settle  and  pour  off  the  clear  solution  for  use. 

66 
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notice  that  at  first  the  breath  bubbles  produce  practically  no  change ; 
but  as  soon  as  the  breath  comes  from  farther  within  the  limgs,  the  clear 
liquid  quickly  becomes  milky,  showing  the  presence 
of  carbon  dioxide.  The  production  oj  milkiness  in 
limewcUer  is  a  characteristic  of  carbon  dioxide. 

To  demonstrate  the  fact  that  carbon  dioxide  is 
produced  when  any  carbon  compound  is  burned 
in  the  air,  we  may  set  fire  to  a  piece  of  paper  and 
drop  it  while  burning  into  a  dry  bottle.  We  then 
pour  in  a  little  limewater,  cover  the  bottle  with  a 
glass  plate,  and  shake  it  up. 

We  may  also  hold  a  dry  bottle  inverted  over  a 
candle  flame  and  show  the  presence  of  carbon  di- 
oxide by  means  of  limewater. 

62.   How  plants  use  carbon  dioxide.    At 

first  thought  it  would  seem  that  the  constant  pjg,  51.    Blowing 

production  of  this  great  amount  of  carbon  through  limewater 

dioxide  must  fill  the  atmosphere  with  the  e°nce°of  carbon 

gas.     The  fact  is,  however,  that  when  pure  dioxide  in  the 

,,  .  1         1     ',    •  breath. 

air  m  the  country  is  analyzed,  it  is  never 

found  to  contain  more  than  three  or  four 
himdredths  of  one  per  cent  of  it.  This  is  be- 
cause most^  plants  reverse  the  process  which 
takes  place  in  animals ;  they  absorb  carbon 
dioxide  from  the  air  and  give  off  oxygen. 

The  liberation  of  the  oxygen  can  easily  be 
shown  by  placing  a  green  plant  under  watqr  in  a 
jar,  as  in  figure  52,  and  then  setting  the  jar  in 
the  simlight.  Bubbles  of  gas  appear  on  the  leaves, 
grow  larger,  and  then  detach  themselves  and  rise 
to  the  top.  This  gas  may  be  collected  in  a  test 
tube  and  tested  with  a  glowing  splinter  of  wood. 
It  is  oxygen. 

We  shall  see  in  the  next  chapter  that  the 
small  amount  of  carbon  dioxide  in  the  air 
varies  very  little ;  it  is  of  the  greatest  significance  because  of  the 
intimate  relation  it  bears  to  the  life  of  all  plants  and  amTc^^&. 


Fig.  53.   Green  leaves 
give  off  oxygen. 
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63.  Preparation  of  ptire  carbon  dioxide.  It  is  possible 
to  prepare  pure  carbon  dioxide  by  burning  carbon  in  oxygen, 
but  it  is  difficult  to  separate  the  gas  from  the  unused  oxygen. 
In  the  laboratory  it  is  usually  prepared  by  the  action  of  an 
acid  on  marble,  which  is  a  chemical  cbmpdUnd  called  calciiun 
carbonate  made  up  of  the  elements  calcium,  carbon,  and  oxygen. 
When  a  dilute  acid,  such  as  hydrochloric  acid,  is  brought  into 
contact  with  a  carbonate,  a  vigorous  effervescence,  or  bubbling, 
takes  place  and  continues  until  either  the  marble  or  the  acid 
is  all  used  up.  This  effervescence  somewhat  resembles  boiling, 
except  that  the  vapor  which  rises  in  boiling  is  always  the  same 
substance  as  the  liquid  from  which  it  comes. 

To  collect  the  gas  evolved  in  this  chemical  action  we  may  use  the 
same  apparatus  as  in  preparing  hydrogen  (Fig.  24).  Pieces  of  marble 
are  placed  in  the  bottle  and  dilute  hydrochloric  acid  is  poured  in  through 
the  thistle  tube.  The  action  starts  at  once  and  the  gas  may  be  col- 
lected as  usual  in  bottles  in  the  pneumatic  trough. 

64.  Experiments  wifh  carbon  dioxide.  To  study  the 
properties  of  this  gas  we  may  perform  the  following  experi- 
ments : 

(1)  A  lighted  taper  is  inserted  into  a  bottle  of  the  gas.  The  flame 
is  at  once  put  out. 

(2)  We  dip  a  stirring  rod  into  some  limewater  and  then  withdraw 
it  so  that  a  clear  drop  hangs  from  its  end.  If  this  is  lowered  into  a 
bottle  of  the  gas  it  immediately  becomes  clouded,  or  milky,  in  appear- 
ance.    This  is  a  test  for  carbon  dioxide. 

(3)  We  may  lower  a  short  piece  of  lighted  candle  into  a  wide- 
mouthed  beaker  and  then  pour  the  gas  from  one  of  the  bottles  over 
the  candle.  The  candle  goes  out,  which  shows  that  this  gas  is  heavier 
than  air. 

(4)  Let  us  color  some  water  with  a  few  drops  of  a  dye  solution 
known  as  litmus,  and  let  gas  from  the  generator  bubble  through  it 
for  a  few  minutes.  It  will  be  noticed  very  soon  that  the  litmus  has 
turned  red,  which  is  a  proof  of  the  presence  of  an  acid.  This  gas  dissolves 
to  a  small  extent  in  water,  and  the  resulting  solution,  as  we  have  seen, 
is  an  acid.  For  this  reason  the  gas  is  often  called  in  commerce  **  car- 
bonic acid  gas.*' 
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66.  Properties  of  carbon  dioxide.  In  our  experimental 
study  we  find  that  carbon  dioxide  is  a  gas  without  color  or  odor. 
Since  it  is  a  little 
more  than  one  and 
one-half  times  as 
heavy  as  air,  it  can 
be  poured  from 
one  vessel  into 
another  almost 
like  water  (Kg. 
53).  It  is  some- 
what soluble  in 
water.  As  with 
all  gases  its  solu- 


Fig.  53.    Scale  pan  weighed  down  by  carbon  dioxide. 


Carbon 
dioxide 


bility  is  greatly  increased  by  increase  in  pressure  and,  con- 
versely, becomes  less  with  diminished  pressure.  This  fact  is 
taken  advantage  of  in  so-called  carbonated  water,  and  in  many 
beverages,  such  as  ginger  ale.    The  beverage  is  treated  with 

carbon  dioxide  under  pressure  and  dissolves 
considerable  quantities  of  the  gas.  The  bottle 
containing  the  liquid  is  closed  while  still  under 
pressure.  When  the  cork  is  removed  the  gas 
escapes  and  produces  the  familiJEtr  efferves- 
cence (Fig.  54). 

The  most  characteristic  chemical  property 
of  carbon  dioxide  is  its  inertness.  It  will  neither 
bum  nor  support  combustion.    It  readily  com- 


o    • 


Lim»A 
water 


CHmgerAU 


^^  bines  with  one  class  of  substances  called  alka- 
lies, forming  a  group  of  compounds  named  the 
Fig.  54.    Carbon  di-  carbonates.     Lime  is  an  alkaU  which  is  chemi- 

ozide  evolved  from  i      i       .  i  j     t_ 

ginger  ale  causes  a  cally  known  as  calcium  hydroxide,  and  the 
wattr*****  ^ ^*™^  white  precipitate  which  is  formed  when  Ume- 

water  and  carbon  dioxide  react  is  calcium  car- 
bonate. This  calcium  carbonate  is  exactly  the  same  chemical 
compound  as  ordinary  marble,  and  is  called  "  ptedpiXaXfcdL^^eiSs^^'' 
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66.  Liquid  and  solid  carbon  dioxide.  By  applying  suffi- 
cient pressure  to  carbon  dioxide  gas  at  ordinary  temperatures 
it  may  be  condensed  to  a  liquid.  This  liquid  is  an  article  of 
commerce  and  is  put  on  the  market  in  strong  steel  tanks. 
When  the  liquid  carbon  dioxide  nms  from  such  a  tank,  part 
of  it  evaporates  quickly  and  removes  so  much  heat  that  the 
rest  is  frozen  to  a  snow-Uke  solid. 

A  tank  of  carbon  dioxide  is  tilted  on  its  side,  as  shown  in  figure  55. 
A  stout  flannel  bag  is  tied  around  the  outlet  and  the  valve  is  opened 

wide.  After  a  few  minutes  the  bag  is 
found  to  contain  a  snow-like  solid.  This 
solid  has  very  fascinating  properties.  It 
quickly  disappears  when  left  by  itself,  as 
it  rapidly  changes  into  gas.  A  portion 
of  it  placed  on  water  very  soon  evapo- 
rates, but  in  so  doing  it  removes  heat 
from  the  water  and  freezes  the  latter. 

If  the  solid  is  put  in  a  beaker  and 
mixed  with  ether,  the  mixture  wiU  freeze 
a  test  tube  of  mercury.  The  ether  serves 
to  carry  the  heat  quickly  from  the  test 
tube  to  the  solid. 

Caution.  In  handling  the  solid  carbon 
dioxide  one  must  avoid  pressing  it  against 
the  flesh,  otherwise  it  causes  a  frost  bite 
which  feels  very  much  like  a  bum. 


Fig.  55.    Liquid  carbon  dioxide 
boiling  and  freezing. 


SoUd  carbon  dioxide  enables  us  easily  to  reach  a  temperature 
as  low  as  —40°  C.  It  is  sometimes  used  for  refrigeration 
purposes. 

67.  Commercial  uses.  Carbon  dioxide  has  a  number  of 
important  uses.  We  have  already  mentioned  its  extensive 
use  in  the  preparation  of  carbonated  beverages.  The  soda 
water  of  the  drug  store,  which  was  originally  prepared  by  mix- 
ing baking  soda  in  solution  with  some  fruit  acid,  is  now  made 
by  connecting  a  tank  of  the  gas  with  a  supply  of  water,  in  such 
a  way  that  a  solution  of  carbon  dioxide  issues  when  the  faucet 
is  opened.    Many  fire  extinguishers  (Fig.  56)  depend  on  carbon 
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dioxide  for  their  effectiveness.  The  body  of  the  container  is 
filled  with  the  water  solution  of  a  carbonate,  generally  sodium 
bicarbonate.  A  small  bottle  at  the  top  contains 
sulfuric  acid.  When  the  extinguisher  is  turned 
upside  down,  the  acid  comes  in  contact  with  the 
carbonate  and  produces  carbon  dioxide.  The  gas 
thus  produced  forces  the  liquid  out  through  the 
hose  and  also  comes  out  itself.  Since  carbon  di- 
oxide is  heavy  and  noninflammable,  it  partially 
excludes  the  oxygen  of  the  air  and  assists  the  water 
in  putting  out  the  fire.  Such  extinguishers  are 
very  effective  but  somewhat  heavy  to  handle. 

Cakbon  Monoxide 
68.   Fonnation  in  a  coal  fire.     When  carbon  or 
a  substance  containing  carbon  bums  in  a  limited  ^'L,n* .unride 
supply  of   air  or  oxygen,   carbon   monoxide   is      fire  eitin- 
formed.     This  gas  is  an  oxide  of  carbon  contain-      B™»''«f- 

ing  less  oxygen  than  carbon 
dioxide  and  having  quite  dif- 
ferent properties.     It  bums 

ii-<?5^ '"^  *^^  ^'''  ™*''*  ^  character- 

^^ ^ ^"rA^K^nr    'Stic  blue  flame,  forming  car- 
^,^^^^^(1  ^^  dioxide.     The  burning 

of  a  coal  fire  in  a  range  offers 
an  interesting  example  of 
this  (F^.  57).  The  hot  coal 
on  the  grate  coming  in  con- 
tact with  the  oxygen  of  the 
entering  air  bums  to  carbon 
dioxide.  But  this  gas  on 
passii^  through  the  upper 
layer  of  coal,  where  the  supply  of  air  is  restricted,  is  reduced  to 
At  the  top  of  the  glowing \ayei  ol  cioaV,-^'s«i 
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Kg.  58.  pTsparation  of  carbon  monoxide 
by  KctioD  of  warm  aulfnitc  add  on 
formic  add. 


abundance  of  air  can  find  access,  the  carbon  monoxide  again 
burns  to  carbon  dioxide  with  the  well-known  blue  flame.  This 
carbon  monoxide  is  commonly  called  "  coal  gas  "  and  is  familiar 
to  everyone  who  has  used  anthracite  (hard)  coal, 

69.  Laboratoi;  method  of 
preparation.  We  can  prepare 
carbon  monoxide  by  passing 
carbon  dioxide  through  a 
tube  containing  charcoal. 
The  charcoal  must  be  heated 
red^ot,  and  the  issuing  gas 
must  be  passed  through  a 
solution  of  caustic  soda  in 
order  to  absorb  any  of  the 
carbon  dioxide  which  re- 
mains undecomposed.  The 
residual  gas,  carbon  monoxide,  may  be  collected  over  water. 

An  ea^er  method  is  to  treat  formic  acid  with  warm  concentrated 
sulfuric  acid.  The  latter  causes  the  decomposition  of  the  formic  acid 
into  water  and  carbon  monoxide.  The  apparatus  may  be  set  up  as 
shown  in  Agure  5S. 

70.  Properties  of  carbon  monoxide.  Carbon  monoxide  is  a 
colorless  gas,  nearly  odorless,  just  a  little  lighter  than  air,  and 
very  slightly  soluble  in  water.  It  is  one  of  the  gases  which  it 
is  diflBcult  to  liquefy.  Its  most  striking  chemical  property  is 
the  fact  that  it  hums  in  air  or  oxygen  with  a  blue  flame,  forming 
carbon  dioxide.  It  also  acts  as  a  reducing  agent  and  will  re- 
duce metallic  oxides,  such  as  copper  oxide  or  iron  oxide.  In 
Chapter  XXXI  we  shall  see  that  the  ores  of  iron  are  commer- 
cially reduced  by  this  gas  in  a  blast  furnace. 

The  reducing  action  of  carbon  monoxide  may  be  very  well  shown 
by  the  following  experiment.  The  gas  is  prepared  in  the  flask  A  (Pig. 
59).  The  hottle  B  contains  a  little  water  to  wash  the  gas,  and  the 
taard-^lasB  tube  C  holds  the  black  copper  oxide  which  ia  heated.     The 
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metallic  oxide  is  reduced  by  the  gas  to  reddish  metallic  copper,  and  the 
carbon  monoxide  is  oxidized  to  carbon  dioxide.  The  presence  of  this 
latter  gas  is  shown  by  the  milkiness  produced  in  the  limewater  in  bottle 
Z>.  Any  of  the  unchanged  carbon  monoxide  which  passes  through 
is  collected  over  water  in  E  and  then  burned. 


Ffg.  59.    Copper  oxide  reduced  by  carbon  monoxide. 


The  results  of  this  experiment  can  be  briefly  stated  thus : 


copper  oxide  +  carbon  monoxide 

[copper  1  rcarbon' 

< 


[copper  1 
LozygenJ 


[carbon  1 
oxygenj 


copper  +  cai-bon  dioxide 

[carbon' 


[oxygen 


] 


Carbon  monoxide  is  extremely  poisonous.  Less  than  half  of 
one  per  cent  of  this  gas  in  the  air  causes  a  severe  headache,  and 
large  amoimts  may  cause  death.  Every  winter  there  are 
cases  of  men  who  are  poisoned  while  working  about  an  auto- 
mobile in  a  small  closed  garage.  The  exhaust  gases  of  the 
gasolene  engine  contain  some  carbon  monoxide.  Sometimes 
the  gas  escapes  into  the  room  from  a  coal  stoye  when  the  draft 
is  not  properly  regulated ;  cases  of  sickness  and  even  of  death 
have  resulted  from  this  cause.  Illuminating  gas,  especially 
that  known  as  water  gas,  contains  carbon  monoxide,  which  is 
particularly  dangerous,  since  it  is  itself  practically  odorless 
and  cannot  be  recognized  in  the  air.  Fortunately  illuminating 
gas  generally  contains  some  other  substance  which  has  a  pro- 
noimced  smell  and  thus  gives  warning  of  the  presence  of  the 
poisonous  material.  In  mine  explosions  carbon  monoxide  is 
always  formed;  and  oince  birds  are  very  8eiisitWe\»\!ci\&^Ya«v^ 
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the  reseuere  often  carry  canaries  with  them  to  warn  them  of 
their  own  danger.  In  recent  years  oxygen  helmets  (Fig.  60) 
have  been  provided  for  miners  to  use  in  such  emergencies. 

Carbon  monoxide  is  poisonous  because  it  combines  with  the 
red  corpuscles  of  the  blood  and  prevents  them  from  taking  up 
oxygen  from  the  air.  Since 
the  life  of  a  person  depends 
on  the  absorption  of  oxygen 
by  these  blood  corpuscles, 
carbon  monoxide  causes  a 
sort  of  internal  suffocation, 
which  results  in  sickness  and 
sometimes  death. 

71.  Compo^tion  of-  car- 
bon dioxide  and  carbrai 
monoxide.  The  weights  of 
carbon  and  oxygen  which 
combine  to  form  carbon  di- 
oxide have  been  determined 
with  great  precision.  The 
results  of  a  great  number  of  experiments  have  shown  that  the 
ratio  of  the  weight  of  carbon  to  that  of  oxygen  is  as  1 :  2.66. 

Carbon  monoxide  has  also  been  very  carefully  investigated, 
and  it  has  been  found  that  the  ratio  of  the  weight  of  carbon  to 
that  of  oxygen  is  as  1 ;  1.33.  It  will  be  seen  that  2.66  is  exactly 
twice  1.33;  that  is,  the  weight  of  the  oxygen  combined  with 
the  carbon  in  carbon  dioxide  is  exactly  tviice  the  amount  com- 
bined with  the  carbon  in  the  monoxide.  This  is  a  strikingly 
simple  relationship,  and  is  indicated  by  the  names  di(two)oxide 
and  mon (one)  oxide. 

72.  Law  of  multiple  proportions.  The  case  of  carbon 
monoxide  and  dioxide  is  not  peculiar.  It  has  been  found  that, 
whenever  there  are  two  or  more  compounds  containii^  the 
same  elements,  the  weights  of  the  one  element  which  are  com- 
bined  with  a  Sxed  weight  of  the  other  always  beat  a  simple 
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relationship  to  each  other,  such  as  2  to  1,  or  3  to  1,  or  3  to  2. 
This  generalization  is  known  as  the  Law  of  Multiple  Pro- 
portions and  was  first  stated  by  John  Dalton  in  1804.  It  may 
be  conveniently  expressed  in  somewhat  different  language  as 
follows :  When  any  two  elements  A  and  B  combine  to  form  more 
than  one  compound,  the  weights  of  B  which  unite  with  a  fixed 
weight  of  A  are  in  the  raMo  of  small  whole  numbers. 

This  law  together  with  the  Law  of  Definite  Proportions  is 
the  foundation  of  chemistry^  In  a  later  chapter  we  shall  see 
how  Dalton  explained  these  simple  generaUzations  by  means 
of  a  theory  which  has  made  the  science  of  chemistry  possible.  • 


SUMMARY  OF  CHAPTER  VH 

CARBON  DIOXIDE  is  formed  wher  carbon  or  carbon  com- 
poonds  bum  or  decay. 
It  can  be  prepared: 

(1)  by  burning  charcoal  in  air  or  oxygen; 

(2)  by  the  action  of  acids  on  carbonates. 

Its  properties:  a  colorless  gas,  slightly  soluble  in  water,  and 
suffocating  but  not  poisonous.  It  is  about  1.5  times  as  heavy 
as  air.  Easily  liquefied.  Evaporating  the  liquid  produces  solid 
carbon  dioxide. 

TEST:  Does  not  bum;  combines  with  alkalies  and  produces 
a  mUkiness  in  limewater. 

USED  in  making  carbonated  beverages  such  as  soda  water; 
in  certain  types  of  fire  extinguishers ;  and  in  ice  machines. 

CARBON  MONOXIDE  is  formed : 

(1)  when  carbon  or  carbon  compounds  bum  in  a  limited 
supply  of  air; 

(2)  by  the  reduction  of  the  dioxide; 

(3)  by  action  of  warm  sulfuric  acid  on  formic  acid. 

Its  properties:  a  colorless  gas  and  practically  odorless,  slightly 
lighter  than  air,  and  insoluble  in  water.  Very  poisonous.  Bums 
with  a  blue  flame,  forming  the  dioxide.  Acts  as  a  teducii^^^^, 
tMking  oxygen  from  hot  metallic  oxides,  such  as  cop\iet  «xA  Vt^"^ 
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COMPOSITION  OF  THE  OXIDES  OF  CARBON:  Weights 
of  carbon  to  oxygen 

in  the  dioxide  are  as  1 :  2.66 ; 
in  the  monoxide  are  as  1 : 1.33. ' 
LAW  OF  MULTIPLE  PROPORTIONS:  When  any  two  ele- 
ments A  and  B  combine  to  form  more  than  one  compound,  the 
weights  of  B  which  unite  with  a  fixed  weight  of  A  are  in  the  ratio  of 
small  whole  numbers. 

Questions 

1.  How  could  you  distinguish  between  carbon  monoxide  and 
carbon  dioxide? 

2.  How  could  you  distinguish  between  carbon  monoxide  and 
hydrogen? 

3.  When  alcohol  biu'ns,  carbon  dioxide  is  formed.  What  does 
this  show  about  the  composition  of  alcohol  ? 

4.  Does  the  fact  that  an  acid  produces  effervescence  when  added 
to  a  material  prove  the  presence  of  carbon  dioxide? 

6.  How  would  you  test  for  a  carbonate? 

6.  A  beaker  of  limewater  is  left  standing  in  the  laboratory  over- 
night. The  next  day  the  liquid  is  covered  with  a  white  material. 
Explain. 

7.  Name  two  important  reducing  agents  which  we  have  studied 
thus  far. . 

8.  Two  samples  of  illiuninating  gas  contain  6%  and  33%  of  carbon 
monoxide  respectively.     Which  is  the  more  poisonous? 

9.  Upon  what  three  properties  of  carbon  dioxide  does  its  use  in 
fire  extinguishers  depend? 

10.  How  is  the  quantity  of  carbon  dioxide  in  the  atmosphere  kept 
nearly  constant? 

11.  When  the  stopper  is  removed  from  a  bottle  of  mineral  water, 
it  effervesces.     How  could  you  prove  the  bubbles  to  be  carbon  dioxide? 

12.  When  carbon  dioxide  is  passed  over  hot  powdered  zinc,  zinc 
oxide  is  formed.    What  is  the  other  product? 

13.  The  so-called  "  water  gas  "  is  mainly  a  mixture  of  hydrogen 
and  carbon  monoxide.  Why  is  water  gas  better  for  heating  than  for 
Wummating? 
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14.  What  effect  would  doubling  the  pressure  have  upon  the  solu- 
bility of  carbon  dioxide  in  water? 

15.  Carbon  dioxide  is  sometimes  spoken  of  as  plant  food.     Explain. 

16.  Tobacco  smoke  is  said  to  contain  some  carbon  monoxide  pro- 
duced by  incomplete  combustion.  How  may  a  smoker  avoid  this 
poison? 

Topics  for  Further  Study 

Heating  apparatus  in  the  home.  Investigate  your  kitchen  stove. 
Draw  a  diagram  of  it,  and  indicate  what  chemical  reactions  take  place 
at  each  point.  How  is  your  house  heated?  Make  a  sketch  of  the 
system.  Is  there  any  danger  of  carbon  monoxide  escaping  into  the 
rooms?  What  might  happen  if  the  lining  of  the  fire  box  in  a  hot-air 
furnace  was  defective? 

Coal-mine  explosions.  What  is  the  cause  of  explosions  and  fires  in 
coal  mines?  What  steps  have  been  taken  by  the  mining  companies 
and  the  government  to  reduce  the  danger  from  this  source  ?  (Consult 
pamphlets  issued  by  the  Bureau  of  Mines.) 


CHAPTER  VIII 

NITROGEN  AND  THE  ATMOSPHERE 

Importance  of  nitrogen  —  preparation  from  air  and  by 
decomposition  of  compounds  —  properties.  Air,  a  mix- 
ture —  liquefaction  —  commercial  uses  of  nitrogen.  Rare 
gases  in  air  —  use  of  helium.  Composition  of  air  —  r61e  of 
carbon  dioxide  in  nature  —  impurities  in  "  bad  air "  — 
fresh  air. 

73.  Importance  of  nitrogen.  We  have  already  learned 
(§  22)  that  about  one-fifth  of  the  air  is  oxygen ;  nearly  all  the 
remainder  is  the  elementary  gas  called  nitrogen.  Combined 
with  other  elements  it  is  present  to  a  limited  extent  in  certain 
mineral  deposits,  such  as  saltpeter.  Compoimds  containing 
nitrogen  are  essential  to  life,  and  are  present  in  all  living  matter 
and  in  its  decomposition  products.  In  fact,  a  valuable  constit- 
uent of  our  food  is  protein  material,  which  contains  a  large 
percentage  of  chemically  combined  nitrogen.  Soils  and  ferti- 
lizers serve  as  food  for  plants  very  largely  in  proportion  to  the 
percentage  of  nitrogen  which  they  contain.  The  compounds  of 
nitrogen  are  so  important  that  we  shall  consider  them  in 
separate  chapters  (XIX,  XX),  confining  our  attention  at  present 
to  the  element  itself  and  to  the  air. 

74.  Preparation  from  air.  As  has  been  said,  Lavoisier 
foimd  that  air  contains  oxygen,  which  may  be  removed  by 
causing  it  to  combine  with  mercury.  We  can,  however,  re- 
move the  oxygen  much  more  quickly  by  burning  phosphorus, 
and  can  thus  obtain  fairly  pure  nitrogen. 

We  place  a  piece  of  phosphorus  (wiped  dry)  in  a  porcelain  crucible 
jrlueh  rests  on  a  eork  boating  on  the  STirfaoe  of  a  pan  of  water.    It  is 
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ignited  with  a  hot  wire,  and  a  jar  is  placed  over  the  burning  solid,  as 
ahown  in  figure  61.  The  phosphorus  bums  in  the  confined  air  in  the 
jar,  and  forms  the  same  dense  white  smoke  as  when  burned  in  pure 
oxygen.  We  then  allow  the  jar  to  stand  for  a  short  time  so  that  it  may 
eool,  and  the  fumes,  which  consist  of  very  fine,  solid  particles  of  oxide 
of  phosphorus,  may  dissolve  in  the  water.  It  will  be  noticed  that 
the  water  has  risen  in  the  jar  about  one-fifth, 
taking  the  place  of  the  oxygen.  If  we  now 
introduce  a  lighted  taper  or  candle  into  the 
gas  in  the  jar,  we  find  that  the  flame  is  at 
once  extinguished.  The  residual  gas  will 
not  support  combustion. 


6? 


Fig.  6i.  Removing  oxygen 
from  air  b]/  burning  phos^ 
phorus. 


This  inert  gas  was  called  by  Lavoisier 
azote,  which  signifies  that  it  is  in- 
capable of  supporting  life.  Later  it 
was  named  nitrogen  because  of  its 
presence  in  saltpeter,  or  niter.  Ani- 
mals cannot  live  in  nitrogen,  not  be- 
cause it  is  in  any  way  poisonous,  but  simply  because  animals 
must  have  free  oxygen.  They  die  of  sufifocation  in  nitrogen 
just  as  they  drown  in  water. 

75.  Preparation  of  pure  nitrogen.  Until  rather  recently  it 
was  thought  that  pure  nitrogen  could  be  prepared  from  air  by 
removing  all  the  oxygen  and  the  small  amoimt  of  carbon  dioxide 
that  is  always  present.  But  it  has  been  foimd  that  such 
nitrogen  contains  about  one  per  cent  of  impurities,  which  are 
the  so-called  "  rare  gases.** 

Pure  nitrogen  can  be  most  conveniently  prepared  in  the 
laboratory  by  heating  a  compound  of  nitrogen  called  am- 
monium nitrite.  This  decomposes  into  nitrogen  and  water. 
Inasmuch  as  anmionium  nitrite  is  unstable,  we  use  a  mixture 
of  sodium  nitrite  and  anmionium  chloride.  The  reaction,  how- 
ever, is  complicated,  and  we  need  not  consider  it  at  this  point. 

76.  Properties.  Nitrogen  is  like  oxygen  and  hydrogen  in 
having  neither  color,  taste,  nor  odor;  but  in  other  respects 
it  is  veiy  different.    For  instance,  it  does  not  Vaoti  «jcA  ^^^ 
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not  support  combustion.  In  fact,  its  only  characteristic  which 
can  be  easily  shown  is  that  it  does  not  readily  enter  into  chem- 
ical reactions.  It  does,  however,  unite,  although  slowly,  with 
certain  other  elements,  provided  these  are  heated  to  the  proper 

temperature. 
It  unites  with 
red-hot  mag- 
nesium, form- 
ing a  compound 
of  magnesium 
and  nitrogen 
called  magne- 
sium nitride. 
When  electric 
sparks  are 
passed  through 
a  mixture  of  ni- 
trogen and  oxy- 
gen  the  mZ- 
gen  will  com- 
bine with  oxygen  to  form  oxides  of  nitrogen.  In  the  presence 
of  a  suitable  catalyst  it  will  also  combine  with  hydrogen  at 
a  moderately  high  temperature  to  form  ammonia,  which  is  a 
gaseous  compoimd  of  nitrogen  and  hydrogen.  Although  these 
last  two  reactions  take  place  only  with  difficulty,  yet  they  have 
recently  become  of  great  importance  because  they  enable  us 
to  transform  the  free  nitrogen  of  the  air  into  compoimds  of 
nitrogen.  Compoimds  of  nitrogen  are  essential  to  plant  Ufe, 
and  their  preparation  from  the  nitrogen  of  the  air  is  a-  modem 
chemical  problem  of  enormous  importance. 

77.  Air  a  mixture.  The  oxygen  and  nitrogen  in  air  are 
not  chemically  combined.  Air  is  only  a  mixture  of  these  two 
gases  and  very  small  amounts  of  some  others.  There  are  a 
nimiber  of  pieces  of  evidence  which  clearly  show  that  air  is  a 
-mixture  and  not  a  chemical  compound. 


Fig.  62.    Air  expelled  from  water  by  boiling. 
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(1)  In  the  first  place,  pure  nitrogen  and  oxygen  can  be  mixed  to- 
Eether  to  form  &n  "  artifioial  air  "  which  is  almost  identical  with  ordinary 
air.  There  is  no  heat  evolved  or  other  sign  of  a  chemical  reaction 
when  these  gases  are  mixed.  The  proportions  of  the  gases  in  this 
"  utifioial  air  "  may  be  varied  very  conBiderably  without  appreciably 
affecting  the  chemical  properties  of  the  product.  If  the  oxygen  and 
nitrogen  were  chemically  combined,  there  would  be  one  definite  pro- 
portion in  which  they  would  unite. 

(2)  In  the  second  place,  water  will  dissolve  air;  if  we  expti  this 
air  from  the  water  by  boiUng  (Fig.  62)  and  then  analyze  it,  we  find 
that  it  contains  nearly  twice  as  much  oxygen  as  the  original  air.  Oxy- 
gen is  more  soluble  in  water  than  nitrogen,  and  therefore  relatively 
more  of  it  dissolves.  If  the  oxygen  and  nitrogen  were  combined,  the 
dissolved  gas  would  have  the  same  composition  as  the  air. 

(3)  Finally,  we  can  separate  air  into  its  components  by  a  purely  physi- 
eal  process.  This  is  done  hy  liquefying  the  air  and  then  carefully  boil- 
ing off  the  more  volatile  ^ 

nitn^ren.  If  air  were  a 
compound,  it  would  all  boil 
at  the  same  temperature. 

78.  Liquefaction  of 
air.  There  is  a  definite 
temperature  below 
which  a  gas  must  be 
cooled  before  it  can  be 
lique&ed  (Chapter  IV). 
This  is  known  as  the 
critical  temperature,  and 
is  different  for  different 
gases.  Id  the  case  of  ^^• 
both  oxygen  and  nitro- 
gen the  critical  temperature  is  so  low  that  it  is  impossible  to 
liquefy  these  gases  at  ordinary  temperatures,  however  much 
we  compress  them.  To  liquefy  air  we  must  cool  it  to  a  very 
low  temperature  as  wdl  as  subject  it  to  a  high  pressure.  This 
is  done  on  a  large  scale  in  an  apparatus  which  is  constructed  as 
in  ^ure  63. 
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This  diagram  ahows  only  the  esaentiaJ  parts  of  the  apparatus.  The 
ah  is  compressed  by  a  pmnp  P,  and  the  heat  produced  by  the  oomprm- 
sioa  is  removed  by  passing  the  air  through  ooohug  coils.  The  oom- 
pressed  air  is  made  to  expand  rapidly  by  allowing  it  to  issue  from  a 
very  small  jet  /  into  an  expaoBion  cylinder  kept  at  a  ]aww  pressure. 
As  the  air  passes  through  this  jet  and  expands,  it  absorbs  a  great  deal 
of  heat.      When  a  gai  is  compretsed  it  gives  out  heal,  and  when  a  gaa 


expands  it  ahtorbi  heat.  This  heat  is  removed  from  the  gas,  whioh  is 
under  pressure,  by  causing  the  expanded  gas  to  flow  back  over  the 
outside  of  the  high-pressure  pipe  D  through  the  cylinder.  The  oold 
expanded  air  is  then  compressed  again  and  the  process  continued. 
Finally  the  gas  is  cooled  so  low  by  its  own  continued  expansion  that 
it  Uquefies  and  is  collected  in  vessel  B,  from  which  it  can  be  drawn 
off  OS  needed. 

We  have  just  seen  tiiat  air,  like  many  other  gases,  is  liquefied 
by  the  combined  effect  of  -pressure  and  low  temperaiAtre.    Liquid 
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air  is  really  only  a  mixture  of  liquid  nitrogen  (boiling  point, 
-195.7°  C.)  and  liquid  oxygen  (boiling  point,  -182.9°  C). 
It  is  commercially  possible  to  separate  the  more  volatile  nitro- 
gen from  the  oxygen.  In  this  way  oxygen  is  man- 
ufactured for  industrial  use  and  is  compressed  into 
steel  tanks.  Nitrogen  is  also  prepared  commer- 
cially (Fig.  64)  by  the  same  process,  but  to  a 
limited  extent. 

79.  Experiments  with  liquid  air.    liquid  air  is 

coming  to  bd  a  commercial  article  which  can  be  purchased 
in  many  places.    If  poured  into  an  ordinary  glass  vessel,       _.     ^ 
it  qnuddy  absorbs  enough  heat  through  the  gkss  to  cause    cewSi  flLk. 
it  to  boil  away  completely.     It  can  be  kept  or  trans- 
ported only  in  an  especially  constructed  apparatus  called  a  Dewar 
flask  (Fig.  65).    This  flask  consists  of  two  glass  vessels,  one  inside 
the  other,  the  intermediate  space  being  exhausted  with  a  vacuum 
pump.     The  liquid  air  in  such  a  flask  is  thus  surrounded  by  a  vacuum, 
wiiieh  oonducts  heat  very  slowly,  and  consequently  the  Uquid  wiU 

not  readily  evaporate.  To  decrease  the  evaporation 
still  further,  the  flasks  are  often  silvered ;  this  causes 
the  heat  to  be  reflected  away  from  the  exterior.  The 
flask  is  also  carefully  packed  in  a  basket  with  some 
nonconductor,  such  as  felt,  to  prevent  the  inflow  of 
heat  from  the  outside.  The  well-known  thermos  bottle 
(Fig.  66)  is  constructed  on  the  same  plan  and  may  be 
used  to  keep  liquids  either  hot  or  cold  for  several 
hours. 

Ordinary  materials  manifest  peculiar  properties 
when  cooled  to  the  temperature  of  liquid  air.  For 
example,  if  a  small  rubber  ball  is  immersed  in  liquid 
air  and  then  dropped  on  the  floor,  it  breaks  into 
many  pieces  as  if  made  of  glass.  In  the  same  way 
66.  Cross  a  rubber  tube  which  conducts  liquid  air  soon  be- 
mos  boSe  ^'^    comes  so  brittle  that  it  breaks  to  pieces.    Flowers  and 

grass  are  frozen  solid  by  immersion  in  liquid  air  and 
are  very*  brittle  when  removed.  If  a  burning  stick  is  plunged  into 
liquid  air  it  keeps  on  burning.  A  flame  of  hydrogen  or  coal  gas 
dipped  imder  the  surface  of  liquid  air  goes  on  burning,  and  the  water 
which  is  formed  freezes. 
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80.  Uses  of  nitrogen.  Free  oitrc^en  is  used  to  fill  certain 
kinds  of  electric-light  bulbs.  On  account  of  its  inertness  it 
does  not  attack  the  white-hot  filament  in  the  lamp.  When 
mercurial  thermometers  are  to  be  used  at  temperatures  from 
300°  to  500°  C,  the  space  above  the  jnercury  in  the  stem  is 
filled  with  nitrogen  under  pressure.  In  this  way  the  mercury 
is  prevented  from  boiling, 
even  at  temperatures  above 
its  normal  boiling  point 
(357°  C).  To  a  limited  ex- 
tent free  nitrogen  is  used  in 
the  preparation  of  certain  ni- 
trogenous fertilizers  (§  243). 
81.  Rare  gases.  Five 
elements  —  argon,  neon, 
helium,  krypton,  and  xenon 
—  occur  in  the  air  in  very 
smalt  quantities.  Argon, 
which  is  the  most  abundant 
of  these,  occurs  to  Wie  ex- 
tent of  only  0.94.  of  one  per 
cent  by  volume.  The  other 
four  together  constitute  less 
than  0.002  per  cent  of  the 
air.  Argon  was  first  discov- 
ered in  1894  by  Sir  William 
Bamsay  (Fig.  67)  and  Lord  Rayleigh ;  they  removed  all  the 
oxygen  and  nitrogen  from  air  by  chemical  methods,  a  very  long 
and  tedious  process.  It  has  since  been  found  possible  to  pre- 
pare argon  more  conveniently  by  the  liquefaction  of  the  nitrogen 
and  oxygen.  Argon  boils  at  a  lower  point  than  even  oxygen, 
and  can  thus  be  separated  from  both  nitrogen  and  oxygen 
by  the  liquefaction  of  the  latter.  The  other  elements  are 
present  in  such  minute  amounts  that  their  isolation  and  study 
was  a  matt«r  of  very  long  and  painstaking  research. 


Fia.  67.    Sm  Wuaaam  Rausay 

(1852-1916). 

An  English  cbemist  wlio  discovered  the 

rare  aaaea  in  the  atmoBphere 
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These  five  elements  are  all  remarkably  inert  substances; 
it  has  not  yet  been,  fomid  possible  to  make  them  enter,  into 
any  chemical  reaction.  For  this  reason  argon  is  sometimes 
used  in  the  place  of  nitrogen  for  filling  electric-light  bulbs, 
being  prepared  commercially  by  the  liquefaction  of  air. 

82.  A  new  use  for  helitun.  Helium  has  very  recently  come 
to  be  a  substance  of  practical  importance.  Next  to  hydrogen 
it  is  the  lightest  known  gas,  being  about  seven  times  lighter  than 
air.  It  is  noninflammable  and  therefore  an  ideal  substance 
for  filling  balloons  and  dirigibles ;  for  most  of  the  serious  acci- 
dents which  have  occurred  in  the  past  have  been  due  to  the 
hydrogen's  catching  fire.  Under  the  stress  of  the  recent  war 
the  production  of  helium  for  aeronautical  purposes  has  been 
accomplished  on  a  large  scale,  and  it  is  expected  that  the  use 
of  this  gas  will  be  of  great  importance  in  the  future  develop- 
ment of  balloons  and  lighter-than-air  airships.  Certain  natural 
gases  which  issue  from  the  ground  in  some  parts  of  the  United 
States  contain  as  much  as  3  per  cent  of  helium.  By  a  process 
of  liquefaction  heUum,  which  boils  at  the  very  low  temperature 
of  —269°  C,  can  be  separated  from  the  other  gases. 

83.  Composition  of  the  air.  Samples  of  air  taken  in  the 
open  coimtry  have  all  been  found  to  have  the  same  composition, 
except  for  the  content  of  water  vapor.  The  composition  of  a 
sample  of  dry  air  is  as  follows : 

100  volumes  of  air  contain 

Nitrogen 78  volumes 

Oxygen 21  volumes 

«      Argon 0.94  volumes 

Carbon  dioxide 0.04  volumes 

Helium,  neon,  krypton,  xenon traces 

In  cities  and  in  poorly  ventilated  places  the  composition  of 
the  air  may  be  very  different.  The  changes  in  composition 
of  the  air  which  occur  in  such  regions  are,  however,  insignificant 
when  compared  with  the  large  bulk  of  air  wViidci  ^\3i;rco\S5i^  '^^ 
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earth.  This  great  ocean  of  gas  is  constantly  being  stirred  by 
the  winds  and  air  currents,  and  thus  its  composition,  if  taken 
in  the  open  country,  is  always  constant. 

81.  Carbon  dioxide  in  the  air.  Although  the  amount  of 
carbon  dioxide  in  the  air  is  usually  very  small  indeed,  it  play^ 
a  most  important  r61e.  This  gas  is  pouring  into  the  atmosphere 
fronii  every  chimney  and  smoke  stack ;  it  is  produced  wherever 
carbon  compounds  bum  or  decay;  and  is  being  exhaled  by 

every  Uving  organism.  On 
the  other  hand,  all  green 
plants  absorb  from  the  air 
carbon  dioxide,  which  unites 
in  the  leaves  with  the  water 
which  has  been  absorbed 
from  the  soil  by  the  roots. 
The  products  of  this  won- 
derful synthesis  are  starch 
and  sugar  (which  are  com- 
pounds of  carbon,  hydrogen, 
and   oxygen),  and  oxygen, 

Fig.  68.    Diagram  to  show  the  cycle  of  car-    which  is  set  free.      We  have 
bon  and  oxygen.  ^^^   ^^  ^2)    the   bubbles  of 

oxygen  rising  from  plants  which  were  growing  under  water. 

The  chemical  change  which  converts  inorganic  material 
(carbon  dioxide  and  water)  into  Uving  matter  can  take  place 
only  in  the  sunlight,  and  is  brought  about  by  the  aid  of  the 
green  coloring  material  in  the  leaves. 

Thus  it  will  be  seen  that  animals  and  plants  are  complements 
of  each  other  as  regards  the  supply  of  oxygen  and  carbon  dioxide 
in  the  air.  The  plants  remove  the  carbon  dioxide  from  the 
air  and  convert  it  into  compounds,  which  in  turn  become  food 
for  the  animals.  The  animals  bum  this  food  and  exhale  carbon 
dioxide  (Fig.  68). 

86.  Impurities  in  the  air  affecting  human  comfort.  We 
are  all  familiar  with  the  so-called  "  bad  air  "  which  is  found  in 
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overcrowded,  poorly  ventilated  rooms,  and  the  disagreeable 
feelings  which  this  '*  bad  air "  produces.  It  was  formerly 
thought  that  the  chief  factor  in  air  which  influenced  human 
comfort  was  carbon  dioxide,  since  the  carbon  dioxide  content 
is  always  high  in, crowded,  stuffy  rooms  and  the  oxygen  con- 
tent lower  than  normal.  But  this  view  has  been  shown  to  be 
erroneous.  It  is  true  that  healthful  air  must  contain  a  certain 
minimum  of  oxygen  and  that  one  can  suffocate  in  an  atmosphere 
containing  too  much  carbon  dioxide.  Yet  the  amount  of  carbon 
dioxide  which  is  found  in  even  the  worst  ventilated  rooms  is 
far  below  this  amount.  The  chief  factors  which  really  determine 
whether  or  not  air  is  pleasant  to  breathe  are:  (1)  moisture,  (2) 
temperattire,  (3)  dust,  (4)  minute  amounts  of  complex  com- 
pounds exhaled  by  men  and  animals. 

a 

The  first  two  factors  are  closely  associated.  The  human  body  is 
normally  at  a  constant  temperature  of  98.6**  F.  (37**  C),  and  this 
temperature  is  regulated  by  the  evaporation  of  water  from  the  surface 
of  the  body.  If  the  surrounding  atmosphere  is  particularly  moist, 
this  evaporation  proceeds  with  difficulty,  and  the  regulation  of  the 
body  temperature  is  correspondingly  difficult.  Very  hot,  moist  air 
is  one  of  the  most  disagreeable  atmospheres  in  which  to  work.  Simi- 
larly, if  the  air  is  too  dry  the  evaporation  from  the  body  proceeds 
too  rapidly,  and  the  normal  physiological  activities  are  upset.  A 
proper  regulation  of  the  moisture  content  (called  humidity)  is  one  of 
the  essentials  for  comfort.  Another  important  factor  is,  of  coiu'se, 
the  proper  regulation  of  the  temperature. 

The  presence  of  dust  in  the  air  causes  a  great  deal  of  discomfort. 
Air  in  cities  and  in  crowded  rooms  contains  large  amounts  of  dust,  which 
not  only  irritates  the  respiratory  organs  but  contains  disease-producing 
bacteria.  Air  in  the  country  after  a  good  rain  is  relatively  free  from 
dust,  and  is  always  more  pleasant  to  breathe  than  the  dusty  air  of  the 
city  street  after  a  long  period  of  drought. 

The  fourth  factor  which  affects  air  is  noticeable  only  in  poorly  venti- 
lated rooms  containing  many  people.  The  human  body  gives  off  very 
small  amounts  of  substances  which  cause  the  air  to  have  a  disagree- 
able physiological  effect.  These  minute  impurities  probably  affect 
people  by  their  disagreeable  odor  and  possibly  also  because  they  are 
actually  poisonous  to  the  human  system.    Whatever  t\ie  TOd^ovi^  \k^^ 
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cause  the  air  of  a  crowded  room  to  produce  drowainess,  general  di»- 
ootnfort,  and  even  severe  headaches. 

The  impurities  and  the  dust  may  be  removed  from  the  air  by  wash- 
uig  it  with  a  sort  of  shower  bath  of  water.  Very  sueoeastul  systems 
of  ventiladoa  have  been  installed  in  which  the  air  is  drawn  out  of  the 
rooms,  passed  through  a  washer,,  partially  dried,  and  sent  back  into 
the  rooms  again.  Although  the  carbon  dioxide  content  in  such  air 
may  be  relatively  high,  it  produces  no  disagreeable  effects.  This  sys- 
tem of  ventilation  is  superior  to  that  which  merely  introduces  fresh 
air  from  the  outside,  because  it  does  not  necessitate  the  heating  of 
large  amounts  of  cold  air.  A  great  saving  in  the  fuel  used  for  heating 
the  building  thus  results. 

86.   How  to  get  fresh  air.     Because  the  atmosphere  in  the 
country  ia  really  clean,  it  is  well  for  everyone  to  live  as  much  as 
possible  in  the  open  air.    Since,  however,  a 
great  deal  of  the  world's  work  must  be  done 
indoors,  it  is  important  that  we  take  every 
precaution  to  ventilate  our  houses  properly. 
Some  people  have  thought  that  night  air 
is  injurious,  but  a  careful  study  shows  that 
night  air  is  the  same  as  that  which  we 
breathe  during  the  day.     In  fact,  the  proper 
ventilation  of  a  sleeping  room  is  one  of  the 
first  requirements  for  good  health.     Since 
tlie   exhaled   air   is   usually  warmer   and 
lifter  than  the  mhaled  air,  it  rises  to  the 
^1'r^mJ*SShi   top  of  the  room.     Therefore  it  is  better  to 
window  at  top  and  open  a  window  at  the  top  to  let  the  hot 
ottora.  upper  air  out  and  also  at  the  bottom  to  ad- 

mit the  fresh  air  (Fig.  69).  Of  course,  this  does  not  mean  that 
one  should  slefep  in  a  strong  draft.  In  many  places  it  is  feasible 
to  sleep  out  of  doors  on  a  sleeping  porch  and  so  to  secure  perfect 
ventilation 

SlFGGESTIOrf 

For  further  rules  about  healthful  living,  read  Fiaher  and  Fisk's  How 
to  Live.  —  Punk  &  Wagnalls  Co. 
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SUMMARY  OF  CHAPTER  Vm 

ELEMENTARY  NITROGEN  forms  about  four-fifths  of  the  air. 
Nitrogen  compoimds  are  essential  to  life. 

PREPARED  from  the  air  by  burning  out  the  oxygen  with  phos- 
phorus or  with  red-hot  copper;  this  is  sufficiently  pure  for  most 
purposes. 

PURE  NITROGEN  is  prepared  by  heating  ammonium  nitrite 
(sodium  nitrite  and  ammonium  chloride),  which  gives  water  and 
nitrogen. 

PROPERTIES:  nitrogen  is  an  inert  substance.  It  is  a  color- 
less, odorless,  tasteless  gas;  does  not  bum;  does  not  support 
combustion  or  respiration;  is  not  poisonous.  It  does  not  easily 
unite  directly  with  other  elements.  At  high  temperatures  it 
combines  with  a  few  metals  such  as  magnesium,  and  also  with 
oxygen  and  hydrogen. 

AIR  IS  A  MIXTURE,  NOT  A  COMPOUND.  It  is  essentially 
composed  of  nitrogen,  oxygen,  and  argon  with  varying  amounts 
of  water  vapor,  carbon  dioxide,  and  dust. 

AIR  CAN  BE  LIQUEFIED  and  separated  into  its  components 
by  allowing  the  more  volatile  parts  to  boil  off  first. 

ARGON  occurs  in  air  to  the  extent  of  nearly  one  per  cent  by 
volume.  There  are  traces  of  four  other  rare  gases,  which  cannot 
be  made  to  combine  with  any  other  elements.  Argon  is  used 
for  filling  electric-light  bulbs. 

HELIUM  is  one  of  the  rare  gases;  it  can  be  made  com- 
mercially by  liquefjring  certain  natural  gases.  It  is  noninflam- 
mable  and  seven  times  lighter  than  air.  Used  in  balloons  to  some 
extent. 

CARBON  DIOXIDE  is  introduced  into  the  air  by  combustion 
and  respiration.  It  is  removed  by  green  plants,  which  get  all  their 
carbon  from  the  carbon  dioxide  in  the  air  and  produce  oxygen. 
This  balance  of  plant  and  animal  life  keeps  the  amounts  of  oxygen 
and  carbon  dioxide  in  the  air  constant. 

The  chief  factors  in  the  air  which  affect  human  comfort  are 
(I)  moisture,  (2)  temperature,  (3)  dust,  (4)  small  amounts  of  im- 
purities given  off  by  the  human  body.  To  get  as  much  fresh  air 
as  possible;  —  work,  play,  and  sleep  out  oi  doot^* 
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QUBSTIONS 

1.  How  would   you   distinguish   between   nitrogen   and   carbon 
dioxide? 

2.  Of  what  use  is  the  carbon  dioxide  in  the  air? 

8.  Why  will  an  animal  die  in  nitrogen  gas? 

4.  Why  are  traces  of  nitrogen  comx)ounds  found  in  the  air  after 
a  thunderstorm? 

6.  Every  ton  of  coal  burned  produces  about  3  tons  of  carbon 
dioxide.     Why  does  the  comx)osition  of  the  air  vary  so  little? 

^.^^  6.  If  a  teakettle  containing  liquid  air 

^tcica^.      <7^  ^®  placed  on  a  cake  of  ice,  the  liquid  boils 

C^^V  /i^y^^  vigorously  (Fig.  70).     Explam. 
^^^ZIIziT/fe:^-;^^^^  7.  Why  do  we  not  put  a  stopper  in  a 

^^^\j2^l2Air  y         y)  bottle  containing  liquid  air? 
^                                /^  n  8.  How  would  you  prepare  a  sample 

V;^:::::::;^  ^^\    \  of  air  which  is  free  from  water  vapor  and 

\  ^^^-v-^^^^^  '   \  carbon  dioxide? 

I  \r        ^*         \  9.  If  air  has  a  definite  comx)osition, 

'  .,g:^^  why  is  it  not  considered  a  compound? 

Fig.  70.    Liquid  air  in  the  tea-        10.  State  three  ways  in  which  oxygen 
kettle  boils  on  a  cake  of  ice.        ean  be  removed  from  air. 

11.  Why  are  there  so  few  nitrogen  compoimds  among  the  minerals  ? 

12.  What  are  the  principal  objections  to  dust  in  the  air  we  breathe? 

18.  How  may  one  increase  the  humidity  of  the  air  in  a  room? 

14.  Why  do  not  green  plants  produce  as  much  oxygen  at  night 
as  during  the  day? 

16.  What  relief  does  an  electric  fan  in  a  room  offer  on  a  hot  day? 
Explain. 

16.  Why  does  the  carbon  dioxide  not  form  a  layer  at  the  bottom 
of  a  room? 

Topic  for  Further  Study 

Ventilation.  Investigate  the  ventilation  of  the  classroom.  The 
air  currents  may  be  observed  by  means  of  lighted  bits  of  paper.  Notice 
the  effect  of  opening  and  closing  the  windows.  What  are  the  modem 
methods  of  ventilating  schoolrooms,  theaters,  and  public  halls  ?  Why 
is  it  not  necessary  to  have  a  ventilating  system  in  a  dwelling-house? 
What  methods  can  be  used  for  regulating  the  temperature  and  the 
humidity? 


CHAPTER  IX 

THE  THEORY  OF  ATOMS  AND  MOLECULES 

Three  laws  —  conservation  of  matter,  constant  and  multi- 
ple proportions  —  facts  and  theories  —  Dalton's  theory  of 
atoms  —  explanation  of  facts  —  atoms  and  molecules  — 
physical  and  chemical  changes  —  value  of  atomic  theory. 

87.  Review  of  the  three  fundamental  laws.  In  all  our 
study  of  chemical  substances  and  their  changes  we  find  that 
matter  is  indestructible ;  that  is,  the  sum  of  the  weights  of  the 
substances  which  take  part  in  a  chemical  change  is  equal  to  the 
sum  of  the  weights  of  the  products  formed  (Law  of  Conservation 
of  Matter); 

We  have  also  seen  that  one  of  the  most  important  character- 
istics of  a  chemical  compound  is  expressed  by  the  Law  of 
Definite  Proportions :  the  weights  of  the  elements  which  combine 
to  form  a  given  compound  are  always  in  the  same  definite  proportion. 

We  further  saw  that  when  two  elements  combine  to  form  two  or 
more  compounds,  the  ratio  of  the  weights  of  the  one  eleinent  com- 
bined  with  a  fixed  weight  of  the  other  in  the  two  compounds  can 
be  expressed  by  small  whole  numbers.  This  is  the  Law  of  Multiple 
Proportions.  These  laws  are  the  general  expressions  of  a  vast 
number  of  well-established  facts. 

88.  Facts  and  theories.  Whenever  we  are  confronted  with 
a  series  of  facts,  we  are  prone  to  ask  ourselves  the  question, 
Why  are  thesiie  facts  so?  To  explain  and  account  for  facts 
chemists  have  adopted  certain  theories.  It  is  worth  while 
to  see  just  what  the  difference  is  between  laws  and  theories. 
A  law  may  be  defined  as  a  generalization  based  on  experi- 
mental facts;    it  is  a  shorthand  method  ol  a\xmma.xm\i%  *Owb 
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results  of  a  la^  number  of  inveetigations.  A  theory  is  a  sort 
of  scientijic  guess,  or  hypothesis,  which  we  make  in  order  to  explain 
the  fads.  If  the  hypothesis  fits  all  the  facts,  it  is  considered  a 
satisfactory  theory  so  long  as  no  new  facta  are  discovered 
which  disagree  with  it ;  but  if  fresh  facta  are  found  out  which 
will  not  harmonize  with  the 
theory,  it  must  be  given  up 
and  a  new  one  proposed. 

A  theory  always  starts 
with  certain  assumptions 
which  we  cannot  test  eiqjeri- 
mentally.  Beginning  with 
these  assumptions,  we  reason 
that  so  and  so  must  be  true. 
The  more  closely  the  conclu- 
sions fit  the  known  facts  the 
more  likelihood  there  is  that 
the  theory  is  correct.  We 
cannot,  however,  say  that 
the  theory  is  proved,  but 
o'thBd^'"^'  merely  that  it  is  probably 
true. 

89.  What  is  the  atomic  theory?  The  early  Greek  philos- 
ophers (about  300  B.C.)  believed  that  all  matter  was  composed 
of  very  minute  particles  which  could  not  be  further  subdivided. 
These  ultimate  bits  of  matter  they  called  atoms.  The  ancient 
thinkers,  however,  had  such  a  meager  knowledge  of  natural 
science  that  they  could  not  make  use  of  this  theory  to  explain 
natural  phenomena.  John  Dalton  (Fig.  71)  in  1808  put  for- 
ward a  theory  which  explained  very  simply  the  l^aw  of  Definite 
and  Multiple  Proportions.  Dalton,  like  the  Greeks,  assumed 
that  all  matter  was  composed  of  very  minute  particles,  which 
he  also  called  atoms ;  but  aside  from  this  fundamental  assump- 
tion, his  views  were  quite  different  from  those  of  the  early  philos- 
o[>hers.    His  contribution,    generally  known    as   the   atomic 


FiQ.  71,     John  Dalton  (1766-1844). 
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theory,  has  been  adopted  to  explain  the  facts  about  chemical 
compounds,  and  it  may  therefore  justly  be  said  to  be  the  most 
comprehensive  and  useful  theory  in  modem  chemistry. 

Dalton  made  the  following  assumptions : 

(1)  Matter  is  made  up  of  small  particles  called  atoms. 

(2)  All  the  atoms  of  a  given  element  are  exactly  alike  in  size 
and  weight,  but  differ  in  these  respects  from  the  atoms  of  every 
other  element. 

(3)  Atoms  can'  imite  with  other  atoms  and  hold  them  by  a 
force  called  chemical  affinity ;  it  is  this  union  of  atoms  which 
produces  chemical  compounds. 

(4)  Atoms  cannot  be  divided,  and  therefore  only  whole  atoms 
unite  with  each  other. 

90.   How  this  theory  helps  us  to  understand    the  facts. 

First,  as  to  the  fact  that  compounds  always  have  a  definite 
composition.  According  to  this  theory  we  assume  that  a  com- 
pound is  due  to  a  union  of  atoms  of  different  elements.  For 
example,  in  carbon  monoxide  one  atom  of  carbon  unites  with 
one  atom  of  oxygen,  forming  a  group  of  two  atoms.  Since  all 
the  oxygen  atoms  have  exactly  the  same  weight  and  the  carbon 
atoms  also  have  each  a  fixed  weight,  any  sample  of  carbon 
monoxide  will  have  a  definite  composition.  This  is  the  Law 
of  Definite  Proportions. 

Second,  as  to  the  Law  of  Multiple  Proportions.  It  is  con- 
ceivable that  a  carbon  atom  might  unite  with  two  atoms  of 
oxygen  instead  of  only  one.  An  entirely  different  compound 
would  result ;  in  each  group  there  would  be  one  carbon  atom 
and  two  oxygen  atoms.  *  That  is,  there  would  be  twice  as  much 
oxygen  combined  with  carbon  as  in  the  first  case.  Carbon 
dioxide  is,  in  fact,  just  such  a  substance :  it  contains  twice  as 
much  oxygen  as  carbon  monoxide.  In  carbon  dioxide  we 
imagine  that  every  atom  of  carbon  is  united  with  two  atoms 
of  oxygen. 


94         THE   THEORY  OP  ATOMS  AND  MOLECULES 

FinaUy,  as  to  the  Law  of  Conservation  of  Matter.  We 
assume  that  in  a  chemical  change  the  atoms  are  redistributed, 
but  that  none  are  produced  or  annihilated.  The  sum  of  the 
atoms  of  the  substances  which  take  part  in  a  chemical  reaction 
must  equal  the  sum  of  the  atoms  in  the  products,  since  none 
are  lost  in  the  change.  This  simply  means  that  matter  is 
indestructible. 

91.  Atomic  weights  of  the  elements.  Since  the  atoms  are 
so  very  small  we  do  not  attempt  to  determine  the  actual 
weight  of  a  single  atom.  But  by  comparing  the  relative 
weights  of  elements  which  combine,  we  have  been  able  to  deter- 
mine with  great  precision  the  relative  weights  of  their  atoms. 

The  numbers  which  are  now  accepted  by  chemists  as  repre- 
senting the  atomic  weights  of  the  elements  are  given  in  the 
table  in  the  back  of  the  book.  It  will  save  time  if  we  become 
familiar  with  the  approximate  atomic  weights  of  some  of  the 
conmioner  elements.  In  this  table  we  see  that  the  atomic 
weight  of  carbon  is  12  and  of  oxygen  is  16.  Therefore  in  carbon 
monoxide  we  should  expect  12  parts  by  weight  of  carbon  to 
unite  with  16  parts  by  weight  of  oxygen ;  in  other  words,  the 
ratio  of  carbon  to  oxygen  would  be  as  1 :  1.33,  which  corre- 
sponds to  the  results  of  the  chemical  analysis  of  carbon  mon- 
oxide. The  fact  is,  as  we  shall  see  later  (Chapter  XIII),  that 
the  niunbers  in  the  table  are  derived  from  the  relative  combin- 
ing weights  of  the  elements  in  compounds.  These  weights 
are  determined  by  very  precise  analysis  of  the  compounds. 
Therefore  the  table  of  atomic  weights  represents  certain  chemical 
facts  in  regard  to  the  elements  which  are  quite  independent  of 
any  theory. 

92.  Atoms  and  molecules.  The  smallest  indivisible  part 
of  an  element  is  an  atom.  We  have  already  seen  in  Chapter  V 
that  a  gas  is  composed  of  a  vast  nmnber  of  minute  particles 
called  molecules.  In  most  conmaon  gases,  such  as  oxygen, 
nitrogen,  and  hydrogen,  each  molecule  is  made  up  of  two 
atoms  held  together  in  chemical  combination.    In  the  case  of 
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• 
a  compound  such  as  carbon  monoxide  (§  68)  the  carbon  and 
oxygen  atoms  are  joined  together  in  groups ;  these  groups  of 
atoms  are  molecules.  A  great  number  of  such  molecules  make 
up  the  gas  which  we  recognize  as  carbon  monoxide.  Thus,  in 
certain  elementary  gases  a  molecule  is  composed  of  two  atoms 
of  the  same  element ;  in  a  compound  a  molecule  is  composed  of 
two  or  more  atoms  of  different  elements.  There  are  a  few  cases, 
such  as  mercury  vapor,  where  the  molecules  of  the  gas  are  the 
atoms  themselves;  these  gases  are  said  to  have  monatomic 
molecules. 

93.  Physical  and  chemical  changes.  When  a  gas,  such  as 
air,  is  liquefied,  we  think  of  the  molecules  as  coming  closer 
together  in  the  space  they  occupy ;  and  again,  when  the  liquid 
is  frozen,  we  ima^ne  the  molecules  as  coming  still  closer  to- 
gether so  that  they  attract  each  other  with  considerable  force. 
But  in  all  these  states  of  matter  we  conceive  of  the  molecules 
as  vibrating,  and  the  temperature  of  a  body  as  an  outward 
indication  of  the  rapidity  of  this  vibratory  motion.  These 
changes  which  affect  the  molecule  as  a  whole  we  call  physical 
changes. 

If,  however,  we  disturb  the  composition  of  the  molecule  by 
breaking  through  the  force  which  unites  the  atoms,  we  produce 
a  chemical  change.  For  example,  when  we  separate  the  con- 
stituent atoms  in  the  water  molecules  and  obtain  hydrogen 
and  oxygen,  which  are  both  entirely  different  in  their  proper- 
ties from  the  original  water,  this  is  a  chemical  change. 

We  may  define  an  atom  as  the  smallest  particle  of  an  element 
which  can  take  part  in  a  chemical  change.  We  may  also  define 
a  molecule  as  the  smallest  particle  of  matter  which  can  exist  in  a 
gaseous  state. 

94.  Value  of  the  atomic  theory.  If  the  theory  of  atoms  is 
merely  an  hypothesis  about  the  atoms,  which  are  so  small  that 
we  cannot  see  them,  why  study  the  theory  at  all?  It  is  an 
interesting  fact  that  although  it  is  more  than  a  hundred  years 
old,  it  has  never  been  replaced  by  a  bettei  oiife.    ^^xsiis^ 
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generally  agree  that  it  does  explain  satisfactorily  the  facts 
regarding  chemical  combination,  and  that  it  has  done  more 
than  any  other  theory  for  the  advancement  of  the  physical 
sciences.  In  recent  years  an  abmxdance  of  new  experimental 
evidence  has  been  fomid,  which  we  cannot  here  describe  in 
detail  since  it  involves  considerable  mathematical  physics. 
The  atomic  theory  has  been  so  strengthened  by  all  this  work 
that  scientists  have  come  to  believe  in  the  existence  of  atoms 
and  molecules  with  as  much  certainty  as  is  posable  about  things 
which  we  cannot  see  by  direct  observation. 

96.  Brownian  Movement. 
If  very  fine  particles  are  sus- 
pended in  a  liquid  and  the  mix- 
ture examined  under  a  very 
powerful  microscope,  it  will  be 
seen  that  all  the  particles  are 
in  a  state  of  rapid  and  irregu- 
lar motion.  This  is  called  the 
Brownian  Movement,  and  is 
apparent  only  with  particles 
which  are  so  small  that  they 
cannot  be  seen  except  with  a 
microscope.  While  scientists 
have  known  of  the  movement  of  these  particles  for  a  long  time, 
it  has  only  recently  been  carefully  studied.  The  thorough 
investigation  of  this  problem  has  led  to  one  of  the  most  con- 
vincing arguments  as  to  the  reality  of  molecules. 

The  motion  never  ceases  and  is  independent  of  the  nature  of 
the  particles ;  liquids  taken  from  the  interior  cavities  of  rocks, 
which  must  have  been  sealed  up  for  eons,  show  the  same 
Brownian  Movement.  This  motion  of  the  minute  particles  is 
almost  certainly  due  to  the  fact  that  they  are  being  bombarded 
by  the  molecules  of  the  liquid,  which  are  themselves  in  constant 
motion.  A  liquid,  like  a  gas,  is  also  made  up  of  molecules,  but 
they  are  in  closer  contact  with  each  other.    The  Brownian 


Fig.  72.    Path  of  a  Brownian  particle 
as  observed  under  a  microscope. 
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particles  serve,  then,  to  visualize  this  never-ending  dance  of 

the  molecules.    While  we  cannot  yet  observe  the  molecules 

themselves,  we  can  see  them  move  and  toss  around  a  somewhat 

larger  particle  of  matter  (Fig.  72). 

It  has  been  possible  in  several  ways  to  estimate  the  size  of  a 

molecule.    The  diameter  of  a  molecule  is  somewhere  in  the 

3 
order  of  inn  aqq  nnn  of  ^  centimeter.    The  smallest  particle 

2 

which  can  be  seen  with  a  microscope  is  about  ..^^^^^  of  a 

centimeter  in  diameter. 


SUMMARY  OF  CHAPTER  IX 

THE  ATOMIC  STRUCTURE  of  matter  was  first  suggested 
by  early  Greek  philosophers.  John  Dalton  in  1808  used  it  as  a 
basis  for  a  theory  which  explained  the  Laws  of  Definite  and  Multiple 
Proportions. 

DALTON'S  THEORY  assumes  the  following: 

(1)  All  matter  is  composed  of  atoms. 

(2)  All  atoms  of  a  given  element  are  alike. 

(3)  Atoms  can  unite  with  and  hold  other  atoms  by  reason 
of  a  force  called  chemical  affinity. 

(4)  Atoms  are  indivisible,  and  therefore  only  whole  atoms  can 
unite  with  one  another. 

AN  ATOM  is  the  smallest  particle  of  an  element  which  can  take 
part  in  a  chemical  change. 

A  MOLECULE  is  the  smallest  particle  of  matter  which  can 
exist  in  a  gaseous  state. 

A  LAW  is  a  generalization  of  experimental  facts;  a  theory  in- 
volves certain  assumptions  from  which  certain  conclusions  may 
be  drawn  to  explain  a  series  of  experimental  facts.  An  hypothesis 
is  a  scientific  guess  which,  if  satisfactory,  may  become  a  theory. 

THE  ATOMIC  THEORY  is  still  a  theory,  but  science  has 
recently  developed  considerable  evidence  which  makes  the  reality 
of  atoms  and  molecules  extremely  probable. 
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Questions 

1.  Show  how  the  Law  of  Conservation  of  Matter  applies  to  the 
decomposition  of  red  oxide  of  mercury. 

2.  Show  how  the  Law  of  Definite  Proportions  applies  to  the  com- 
position of  water. 

3.  Sulfur  dioxide  is  50%  sulfur  and  50%  oxygen.  Sulfur  trioxide 
is  40%  sulfur  and  60%  oxygen.  Show  bow  these  facts  illustrate 
the  Law  of  Multiple  Proportions. 

4.  State  in  yoiu*  own  words  the  four  assumptions  whicll  Dalton 
made  in  his  atomic  hypothesis. 

6.  What  is  the  difference  between  an  hypothesis  and  a  theory? 

6.  What  is  the  difference  between  a  natural  law  and  a  state  law  ? 

7.  What  theory  accoimts  for  the  effects  of  temperature  and  pres- 
sure upon  the  volumes  of  gases  ? 

8.  What  is  meant  by  the  terms:  (a)  atom  of  an  element,  (6) 
molecule  of  an  element,  (c)  molecule  of  a  compound? 

9.  Classify  the  following  as  either  physical  or  chemical  changes: 
(a)  the  biu-ning  of  wood,  (6)  the  evaporation  of  gasolene,  (c)  the  dis- 
solving of  sugar  in  water,  {d)  the  souring  of  milk,  (e)  the  melting  of 
butter,  (/)  the  decay  of  food,  (g)  the  explosion  of  dynamite. 

Topic  for  Further  Study 

Science  in  ancient  Greece  and  Rome.  Why  did  not  the  early  Greek 
philosophers  apply  their  idea  of  the  atomic  theory  to  explaining  chemi- 
cal facts?  Were  they  interested  in  chemistry  and  physics?  {Moore's 
History  of  Chemistry,  and  Sedgwick  and  Tyler's  Short  History  of 
Science.) 


CHAPTER  X 
SYMBOLS,  FORMULAS,  AND  EQUATIONS 

Symbols,  significanoe  —  formulas,  significance  —  peroent- 
Bg%  oompoBition  oalculation  —  chemical  equations  —  how  to 
write  equations  —  five  steps  —  what  an  equation  does  not 
show  —  review  equations  of  reactions  studied. 

Five  types  of  reactions  —  reversible  reactions. 

96.  Chemical  symbols.  Chemists  have  found  it  convenient 
to  represent  the  various  elements  by  the  symbols  which  are 
given  in  the  table  on  the 
back  cover.  These  sjTn- 
bola  were  introduced  by 
the  Swedish  chemist,  Ber- 
zelius  (Fig.  73),  and  are 
merely  the  first  letter  or 
letters  of  the  names  of  the 
elements;  as,  for  instance, 
C  for  carbon,  H  for  hydro- 
gen, O  for  oxygen,  S  for 
sulfur,  Br  for  bromine,  and 
Si  for  silicon.  In  a  few 
cases  the  Grst  letter  and 
one  other  that  is  prominent 

in  the  name  are  used,  such     p,^  „    j^^^^  j^^^  Bbbzelics 
as  CI  for  chlorine  and  Mg  for  (1779-1848). 

magnesium.     In  other  cases    Introduced  the  modem  symbols  used  in 
the  symbol  is  taken  from  "  emiatry. 

the  I^tinname;  thus,  Cu  stands  for  copper  (cuprum),  Fe  for 
iron  iferrvm),  Agior  silver  (argerUum).    It  \ri\\\)e -Ti^iot 'Clofc 
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student  to  learn  the  symbols  of  the  common  elements  as  we 
study  them. 

97.  What  does  a  symbol  mean  ?  These  symbols  are  not  used 
as  mere  shorthand  signs,  but  each  one  stands  for  an  atom  of  the 
element.  Thus,  the  symbol  O  stands  for  one  atom  of  oxygen, 
and  the  symbols  H,  N,  Na,  Fe  represent  one  atom  of  hydrogen, 
nitrogen,  sodium,  and  iron,  respectively,  and  not  these  substances 
in  general.  More  exactly,  then,  they  are  atomic  symbols,  and 
not  merely  abbreviations  of  the  names  of  the  elements. 

We  have  also  seen  that  the  atoms  have  a  perfectly  definite  weight, 
and  so  the  symbol  means  not  only  the  element  but  a  definite 
quantity  of  the  element.  O  always  means  16  parts  by  weight 
of  oxygen,  and  C  always  means  12  parts  by  weight  of  carbon. 

When  we  know  how  many  atoms  of  an  element  go  to  make 
up  a  molecule  of  that  element,  we  can  express  this  knowledge 
very  briefly  by  symbols  with  small  subscripts  placed  after  them. 
Presently  we  shall  show  that  the  molecule  of  hydrogen,  oxygen, 
nitrogen,  chlorine,  and  some  others  consists  of  two  atoms ;  this 
fact  is  represented  by  the  symbols  H2,  O2,  N2,  CI2,  respectively. 
The  symbol  H2  thus  means  one  molecule  of  hydrogen. 

98.  Chemical  formulas.  We  may  represent  the  composition 
of  compounds  with  these  symbols.  This  is  done  simply  by 
placing  side  by  side  the  symbols  for  the  various  elements  in 
the  compoimd.  For  example,  sodium  chloride  (common  salt) 
is  made  of  one  atom  of  sodium  (Na)  and  one  atom  of  chlorine 
(CI)  and  is  represented  by  the  united  symbols  of  the  two  ele- 
ments, NaCl.  Such  an  arrangement  of  symbols  representing 
a  compound  is  called  the  formula  of  that  compound. 

When  the  molecules  of  a  compound  contain  more  than  one 
atom  of  any  particular  element,  this  fact,  as  we  have  said,  is 
expressed  by  placing  small  nmnbers  inmaediately  after  the 
symbol  of  that  element.  Thus,  H2O  is  the  formula  for  one 
molecule  of  water,  a  compound  containing  two  atoms  of  hydro- 
gen and  one  atom  of  oxygen.  Very  often  it  is  necessary  to 
indicate  a  group  of  atoms  in  a  molecule  which  behave  in  many 
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reactions  like  a  single  atom.  Parentheses  are  used  for  this  pur- 
pose. Thus,  a  molecule  of  calcium  hydroxide  (limewater) 
miy  be  l^presented  by  Ca(0H)2,  which  indicates  a  molecule 
containing  one  atom  of  calcium,  two  atoms  of  oxygen,  and  two 
atoms  of  hydrogen. 

When  we  wish  to  indicate  more  than  one  molecule  of  any 
substance,  we  place  large  numerals  before  the  symbol  or  formula. 
Thus,  2  Oj  means  two  molecules  of  oxygen,  and  5  H2O  means 
five  molecules  of  water. 

99.  Just  what  does  a  formula  mean  ?  It  is  very  important 
that  we  imderstand  the  full  meaning  of  a  formula.  For  ex- 
ample, the  formula  for  sulfuric  acid  is  H2SO4,  which  means : 

(1)  one  molecule  of  sulfuric  acid ; 

(2)  comx)osed  of  two  atoms  of  hydrogen,  one  atom  of  sulfur,  and 
four  atoms  of  oxygen ; 

(3)  2  i)arts  by  weight  of  hydrogen,  32  parts  by  weight  of  sulfur, 
and  4  X  16  or  64  parts  by  weight  of  oxygen ; 

(4)  2+32+64  or  98  parts  by  weight  of  sulfuric  acid. 

100.  Percentage  composition  from  the  formula.  If  we  know 
the  formula  of  a  compound  and  have  a  table  of  atomic  weights, 
we  can  easily  calculate  the  percentage  of  each  element  in  the 
compound.  Given  the  formula  of  potassium  chlorate  as  KCIO3, 
and  the  atomic  weight  of  potassium  39,  of  chlorine  35.5,  and 
of  oxygen  16.    Then  the  formula  represents 

39.0  parts  by  weight  of  potassium, 

35.5  parts  by  weight  of  chlorine,  and 
3  X  16  or  48.0  parts  by  weight  of  oxygen, 
or  122.5  parts  by  weight  of  potassiiun  chlorate. 

Therefore  potassium  chlorate  contains 

oq 

=0.318  or  31.8  per  cent  of  potassiiun, 


122.5 

35.5 
122.5 

48 


=0.290  or  29.0  per  cent  of  chlorine,  and 


P  =0.392  or  39.2  per  cent  of  oxygen. 


J 
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Qtjbstions  and  Problems 

1.  Give  the  symbol  of  each  of  the  followu^  elements:  sodium, 
sulfur,  manganese,  magnesiimi,  mercury,  potassium,  phosphorus, 
lead,  platinum,  and  iron. 

2.  Name  the  elements  which  corresx)ond  to  the  following  s3rmbols : 
Ag,  Sn,  W,  Ni,  Au,  Cu,  A,  Ra,  As,  and  Al. 

3.  State  the  facts  expressed  by  the  formulas :  CUSO4,  3  NaCl, 
2H2O,  P4,  andBa(0H)2. 

4.  Compute  the  percentage  composition  of  the  following  compounds 
from  the  formulas  as  given :  (a)  common  salt  (NaCl) ;  (&)  saltpeter 
(KNO3)  ■;  (c)  mercuric  oxide  (HgO) ;  (d)  sulfuric  acid  (H2SO4) ; 
and  (e)  cane  sugar  (C12H22O11). 

Note.     Use  the  approximate  atomic  weights  as  given  on  back  cover. 

101.  Chemical  equations.  The  principal  use  which  the 
chemist  makes  of  symbols  and  formulas  is  in  writing  in  a  con- 
densed and  precise  form  a  large  amount  of  information  about 
chemical  changes,  or  reactions.  Inasmuch  as  matter  is  in- 
destructible (Law  of  Conservation  of  Matter),  we  represent 
these  changes^  or  read/ions,  as  equations.  There  is  the  same 
amoimt  of  each  element  after  the  change  as  before. 

The  symbols  and  formulas  of  all  the  materials  undergoing 

change  are  placed  on  the  left ;  those  of  the  new  products  resulting 

from  the  change,  on  the  right;  the  arrow  means /orms  or  gives. 

For  example,  the  union  of  iron  and  sulfur  to  form  iron  sulfide 

is  expressed  thus :  t^    ,  ^  t^  a 

^  Fe  4-  S  — >-  FeS 

The  burning  of  magnesium  in  oxygen  might  at  first  be  ex- 
pressed thus:  T,-      ,    ^  Tiir_.r^ 

^  Mg  +  O2  — >•  MgO 

but  this  equation  is  wrong  because  we  have  two  atoms  of 
oxygen  on  the  left  and  only  one  on  the  right  side,  and  this  would 
indicate  that  some  of  the  oxygen  had  been  lost.  The  very 
word  "  equation  "  means  that  there  must  be  just  as  many 
^;to^ls  of  each  element  after  the  change  (on  the  right)  as  before 
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(on  the  left).     We  can  "  balance  ''  the  equation,  as  it  is  called, 

thus: 

2  Mg  +  O2  —>-  2  MgO 

In  decomposing  potassium  chlorate  by  heat  we  might  write 
the  equation  at  first  thus : 

KCIO3  -^^  KCl  +  O2 

and  then  balance  it  thus : 

2  KCIO3  —>-  2  KCl  +  3  O2 

From  a  study  of  the  above  it  will  be  seen  that  these  equations 
are  not  algebraic;  they  represent  chemical  changes  which 
actually  take  place.  Before  we  can  write  an  equation  we  must 
know: 

(1)  that  the  change  takes  place; 

(2)  what  substances  are  involved; 

(3)  whxU  the  products  are;  and 

(4)  the  formulas  of  all  the  substances  involved  and  of  all  products, 

.  102.   How  to  write  equations.     In  making  a  chemical  equa- 
tion there  are  five  steps : 

(1)  Write  on  the  left  the  formula  of  each  substance  taking 
part  in  the  reaction. 

(2)  Write  on  the  right  the  formula  of  each  substance  known  to 
be  produced. 

(3)  Correct  the  right-hand  side  by  increasing  the  number  of 
molecules  so  as  to  use  aU  the  elements  on  the  left. 

(4)  Correct  the  left-hand  side  by  increasing  the  number  of 
molecules  needed  by  the  substances  produced. 

(5)  Check  up  to  make  sure  that  each  atom  of  all  the  elements 
is  accounted  for. 
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Fob  example,  hydrogen  bums  in  oxygen  and  produces  water. 

(1)  H,+0, 

(2).  H,+02 >*H,0 

(3)  H2+O2 ►2H,0 

(4)  2H2+O2 — >^2H20 

(5)  We  have  4  atoms  of  hydrogen  in  the  2  molecules  of  hydrogen 
on  the  lefty  and  we  have  4  atoms  of  hydrogen  in  the  2  molecules  of  water 
on  the  right.  We  have  2  atones  of  oxygen  in  1  molecule  of  oxygen  on 
the  lefty  and  we  have  2  atoms  of  oxygen  in  the  2  molecules  of  water  on 
the  right, 

103.  Cautions.  Use  the  molecular  formulas  for  the  gaseous 
elements.  Thus,  the  molecular  formulas  of  oxygen,  hydrogen, 
nitrogen,  and  chlorine  are  O2,  H2,  N2,  CI2. 

Remember  that  the  number  placed  before  a  formula  multipUes 
the  whole  formula.  Thiis,  2  H2O  is  the  same  as  2(H20),  which 
means  two  molecules  of  water  consisting  of  4  atoms  of  hydro- 
gen and  2  atoms  of  oxygen. 

We  balance  equations  not  by  altering  the  formulas  of  the 
substances,  but  by  taking  the  proper  number  of  molecules  so 
that  the  number  of  atoms  of  each  element  is  the  same  on  both 
sides. 

104.  What  an  equation  does  not  show.  Chemical  changes 
will  usually  occur  only  under  certain  conditions,  which  are  not 
indicated  in  the  equation. 

For  example,  the  equation 

2  HgO  — >  2  Hg  +  O2 

does  not  show  that  it  is  necessary  to  keep  heating  the  red  oxide  of 
mercury  in  order  to  decompose  it.     The  equation 

Zn  -h  H2SO4  — ►  ZnS04  -h  H2 
does  not  indicate  that  the  sulfuric  acid  must  be  diluted  with  water. 

In  general,  the  materials  which  are  present  but  which 
undergo  no  change,  such  as  water  used  as  a  solvent  and  the 
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various  catalysts,  are  not  represented  in  the  equation.  Finally, 
we  do  not  as  a  rule  try  to  show  the  amount  of  heat  which  is 
evolved  in  the  chemical  reaction.    For  example, 

C  +  O2  — ^  CO2 

shows  that  carbon  unites  with  oxygen  to  form  carbon  dioxide;  but 
it  does  not  tell  us  how  much  heat  is  prodiLcedy  a  piece  of  information  which 
is  most  important  for  the  industrial  chemist. 

106.  Equations  for  reactions  studied.  We  shall  now  write 
chemical  equations  for  the  reactions  which  we  have  studied 
up  to  this  point,  and  which  we  have  hitherto  siunmarized  by 
words.  The  student  will  do  well  to  master  thoroughly  all  these 
equations. 

When  water  is  electrolyzed  it  is  decomposed  into  free  hydro- 
gen and  oxygen.     The  equation  for  this  is : 

* 

2  H2O  — ^  2  H2  +  O2 

We  have  to  take  two  molecules  of  water  in  order  to  provide  two  oxy- 
gen atoms,  since  the  formula  for  free  oxygen  is  O2. 

When  mercury  oxide  is  heated  oxygen  and  mercury  result. 

The  equation  is : 

2  HgO  ^  2  Hg  +  O2 

Again  we  take  two  molecules  of  mercury  oxide,  so  that  we  may 
have  enough  oxygen  atoms  to  form  a  molecule.  The  mercury  formed 
is  a  liquid;  and  we  have  reason  to  believe  that  the  atoms  in  metals 
are  often  not  united  in  molecules.  Hence  we  represent  them  as  in 
this  case :  2  Hg  not  Hg2,  two  single  atoms  of  mercury,  not  a  molecule 
of  mercury  composed  of  two  atoms. 


Five  Types  of  Reactions 

106.  Simple  decomposition.  This  type  of  chemical  change 
involves  only  one  substance,  which  breaks  down  by  chemical 
change  into  two  or  more  simpler  substances.  Such  a  reaction 
is  called  a  simple  decomposition.     The  decomposition  of  water 
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into  hydrogen  and  oxygen  is  an  example  of  this  tjrpe  of  chemical 
change. 

107.  Direct  combination  or  synthesis.  Another  type  of 
chemical  reaction,  which  is  the  reverse  of  simple  decomposition, 
is  synthesis.  In  this  type  we  start  with  two  or  more  substances 
and  build  up  a  compound.  The  following  equations  are  the 
sjmtheses  involving  oxygen  which  we  have  thus  far  considered : 

2  Hg  +  O2  — >- 2  HgO 
2H2  +  O2 — ^2H20 

C  +  O2  — >-  CO2 
4  P  +  5  O2  — >-  2  P2O6 

2C  +  O2 — ^2  CO 
2  CO  +  O2  —^  2  CO2 

These  equations  represent  the  changes  which  took  place  when 
mercury,  hydrogen,  carbon,  and  phosphorus  were  heated  in  contact 
with  pure  oxygen  or  air.  The  last  two  equations  show  the  burning 
of  carbon  in  an  insufficient  supply  of  oxygen,  producing  carbon  monox- 
ide ;  and  then  the  burning  of  carbon  monoxide  to  carbon  dioxide. 

108.  Simple  replacement.  The  methods  of  preparing  hydro- 
gen (except  the  electrolysis  of  water)  are  examples  of  a  type  of 
chemical  change  called  replacement.  In  this  type  of  reaction 
one  element  takes  the  place  of  some  other  element  or  elements 
in  a  compoimd. 

Thus,  when  zinc  or  magnesium  acts  on  hydrochloric  acid  or  sul- 
furic acid,  the  metal  replaces  the  hydrogen : 

Zn  +  2  HCl  — ^  ZnCl2  +  H2 

Zn  -I-  H2SO4  — ^  ZnS04  +  H2 

Mg  -I-  2  HCl  — ^  MgCU  +  H2 

When  steam  is  passed  over  hot  iron,  the  iron  replaces  the  hydrogen 
of  the  water,  forming  the  magnetic  oxide  of  iron  (Fes04) : 

4  H2O  +  3  Fe  — >  Fe804  +  4  H, 
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When  metallic  sodium  or  calcium  is  placed  in  water,  the  metal 
replaces  the  hydrogen  of  the  water,  forming  sodium  hydroxide  (NaOH) 
or  calcium  hydroxide  (Ca(OH)s) : 

2  Na  +  2  H2O  — >  2  NaOH  +  H2 
Ca  +  2  H2O  —^  Ca(0H)2  +  H2 

NoTB  that  in  order  to  be  able  to  represent  the  hydrogen  in  the  molecular 
state  (H2)  we  must  prefix  the  coefficient  2  in  several  places. 

109.  Double  decomposition.  Probably  the  commonest  type 
of  chemical  reaction  involves  the  interaction  of  two  compoimds 
to  produce  two  other  compoimd  products.  This  is  called 
double  decomposition  because  each  compound  apparently 
breats  up  into  two  parts,  each  of  which  unites  with  a  different 
part  of  the  other  compoimd. 

For  example,  take  the  reaction  of  hydrochloric  acid  (HCl)  on 
marble  (CaCOa)  to  form  calcium  chloride  (CaCl2)  and  carbonic  acid 
(H,CO,) : 

2  HCl  +  CaCOs  —^  CaCl2  +  H2CO3 

The  carbonic  acid  decomposes  into  water  (H2O)  and  carbon  dioxide 
(CO,)  : 

H2CO3  — ^  H2O  +  CO2 

110.  Oxidation  and  reduction.  The  significance  of  oxida- 
tion and  reduction  has  already  been  considered.  We  need 
now  simply  to  write  equations  for  some  of  the  cases  which  we 

have  met : 

CuO  +  Ha— >-Cu  +  H20    (§37) 

CO2  +  C— ^2C0    (§69) 

111.  Reversible  reactions.  When  we  dissolve  carbon  dioxide 
ga.s  in  water,  there  is  a  combination  between  the  water  and  the 
carbon  dioxide  to  form  the  compoimd  carbonic  acid : 

H2O  +  CO2  — >  HjCO, 
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If  we  heat  such  a  solution  of  carbonic  acid  the  carbon  dioxide 
gas  is  driven  off  and  we  finaUy  end  with  only  water : 

H2CO3  ^  H2O  +  CO2 

This  reaction  is  just  the  reverse  of  the  first;  whether  the 
reaction  goes  one  way  or  the  other  depends  on  the  conditions, 
in  this  case  primarily  on  the  temperature.  We  call  such  a 
reaction  a  reversible  reaction  and  indicate  it  by  writing  a  double 

arrow;  thus:  h.O  +  CO.  ^  H,CO, 

This  equation  tells  us  that  the  reaction  will  proceed  one  way 
or  the  other  according  to  the  conditions. 

SUMMARY  OF  CHAPTER  X 

THE  CHEMICAL  SYMBOL  of  an  element  represents  one 
atom  of  the  element;  it  clso  signifies  the  atomic  weight  of  the 
element,  usually  in  grams. 

THE  FORMULA  of  a  compound  shows  what  elements  con- 
stitute the  compound,  and  also  the  percentage  composition. 

AN  EQUATION  represents  an  actual  chemical  reaction.  It 
is  a  picture  of  the  molecular  condition  of  a  certain  number  of  atoms 
before  and  after  a  chemical  change. 

A  chemical  equation  must  always  be  balanced;  it  must  have  the 
same  number  of  atoms  of  each  element  ouj  one  side  as  on  the 
other. 

BEFORE  WE  CAN  WRITE  AN  EQUATION  WE  MUST 
KNOW : 

(1)  that  the  change  takes  place ; 

(2)  what  substances  are  involved ; 

(3)  what  the  products  ate ; 

(4)  the  formulas  for  all  the  substances  involved  and  all  the 
products. 

A  chemical  equation  does  not  indicate  the  conditions  of  the 
reaction.  Catalysts  and  solvents,  which  are  not  affected,  are 
not  expressed.    Usually  the  heat  effects  are  not  indicated. 
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CHEMICAL   CHAJYGES   CAN  BE   CLASSIFIED  AS 

(a)  simple  decomposition,  (&)  direct  combination, 
(c)  simple  replacement,  (cf)  double  decomposition,  or 
(e)  oxidation  and  reduction. 

A  REVERSIBLE  REACTION  is  one  in  which  the  reaction  may 
proceed  in  either  direction  according  to  conditions. 


Questions  and  Problems 

1.  What  is  the  distinction  between  a  symbol  and  a  formula? 
Illustrate  each. 

2.  State  the  meaning  of  each  figure  and  letter  in  the  following 
formulas:  2H2SO4;   lOHjO;   (NH4)2S04;  Fe2(S04)3. 

3.  Calculate  the  percentage  composition  of  the  following  com- 
pounds :  black  copper  oxide  (CuO) ;  carbon  dioxide  (CO2) ;  marble 
(CaCOs) ;  iron  oxide  (Fe804) ;   zinc  sulfate  (ZnS04). 

Hint.     Use  table  of  approximate  atomic  weights  on  back  cover. 

4.  Why  is  a  chemical  equation  called  an  equation  f 
6.  What  is  the  difference  between  O2  and  2  0? 

6.  What   is   the   difference   between   simple   decomposition   and 
double  decomposition? 

7.  Write  a  reversible  equation  involving  hydrogen  and  oxygen. 
State  the  conditions  under  which  it  goes  in  each  direction. 

8.  When  zinc  and  sulfur  are  heated  together,  zinc  sulfide  (ZnS) 
is  formed.     Write  the  equation. 

9.  When  aluminum  reacts  with  hydrochloric  acid  (HCl),  hydrogen 
and  aluminum  chloride  (Aids)  are  formed.     Write  the  equation. 

10.  When  tin  is  heated  in  the  air,  tin  oxide  (Sn02)  is  formed.  Write 
the  equation. 

11.  When  carbon  dioxide  is  bubbled  through  limewater  (Ca(0H)2), 
calcium  carbonate  (CaCOa)  and  water  are  produced.  Write  the 
equation. 

12.  Write  the  reversible  equation  for  the  classic  experiment  of 
Lavoisier  with  mercury  and  air. 


CHAPTER  XI 

CHEMICAL  CALCULATIONS 

Importance  —  quantitative  meaning  of  equations  —  prob- 
lems involving  weight  only  —  significant  figures  —  problems 
involving  weight  and  volume  —  general  rules. 

112.  Importance  of  calctilations.  To  the  industrial  chemist 
the  chemical  equation  is  very  important  because  it  enables 
him  to  calculate  just  how  much  material  he  ought  to  use  in  a 
given  reaction  and  how  large  a  product  he  may  hope  to  get. 
In  actual  practice,  however,  he  very  seldom  gets  the  full  amoimt 
of  the  product  as  calculated  from  the  equation,  and  therefore 
he  computes  the  efficiency  of  his  process.  These  computations 
are  all  based  on  the  chemical  equations  of  the  reactions,  and 
require  only  the  simplest  arithmetical  work. 

113.  Quantitative  meaning  of  equations.  An  equation 
when  properly  balanced  tells  us  what  substances  react  and 
what  the  products  are ;  it  also  gives  us  the  number  of  mole- 
cules of  each  substance  involved ;  finally,  by  using  the  atomic 
weights,  we  learn  the  relative  weights  of  the  different  substances  in 
the  equation. 

For  example,  in  the  equation  for  preparing  oxygen  by  heating 
potassium  chlorate  we  may  compute  the  relative  weights  of  potassium 
chlorate,  i>otassium  chloride,  and  oxygen  thus: 


2KC103  — 

^      2KC1     +     3O2 

(2  X  122.5) 

(2  X  74.5)         (3  X  32) 

245 

149                 96 

The  weight  of  each  molecule  (molecular  weight)  may  be  found  by 
adding  the  atomic  weights  of  the  elements  involved : 

110 
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mol.  wt.  of  KClOi  -  39  +  35.5  -h  (3  X 16)  » 122.5 
mol.  wt.  of  Ka     =  39  +  35.5  =  74.5 
mol.  wt.  of  Oi         =  2  X16       =  32 

Sinoe  there  are  two  molecules  of  potassium  chlorate  and  of  i)ota8sium 
chloride  in  the  equation,  we  multiply  their  molecular  weights  by  two ; 
and  as  there  are  three  molecules  of  oxygen,  we  multiply  its  molecular 
weight  by  three. 

We  can  now  read  this  equation  as  follows:  ^4^  parts  by 
weight  of  potassium  chlorate  give  149  parts  by  weight  of  potassium 
chloride  and  96  parts  by  weight  of  oxygen, 

114.  Problems  involving  weight  only.  What  weight  of  iron 
sulfide  (FeS)  can  be  made  with  10  grams  of  iron  ?  Assume  the  neces- 
sary sulfur  is  available. 

To  avoid  mistakes  it  is  well  to  arrange  the  work  very  clearly 
and  to  do  it  methodically. 

We  first  write  the  equation : 

Fe  -h  S >•  FeS 

Then  we  write  under  each  symbol  and  formula  the  weight  it  represents 
(using  the  atomic  weights  given  on  the  back  cover) : 

Fe  -h  S >-  FeS 

56-32  88 

This  means  that  56  parts  by  weight  of  iron  combined  with  32  parts 
by  weight  of  sulfur  will  give  88  parts  by  weight  of  iron  sulfide.  We 
have  here  the  qiiantitative  meaning  of  the  equation. 

Next  we  again  read  the  problem  and  place  above  the  symbol  for 
iron  the  weight  given,  which  is  10  g.,  and  above  the  formula  for  iron 
sulfide  an  x,  which  is  the  weight  we  wish  to  find ;  thus : 

10  X 

Fe  -h   S >-  FeS 

56  32  88 

Finally  we  state  the  proportion  thus : 

56  :  88  :  :  10  :  X 

Hence  x  =  ^^^  or  16.7  grams. 
56 
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Now  we  shall  check  up  the  reasonableness  of  our  answer  by  roughly 
estimating  what  it  ought  to  be.  In  this  case  we  know  that  56  parts  of 
iron  will  give  88  parts  of  iron  sulfide.  Therefore  we  ought  to  get 
about  one  and  a  half  times  as  much  iron  sulfide  as  the  iron  with  which 
we  itaifted.  Hence  our  answer,  15.7,  is  reasonable.  In  this  way  we 
may  ^bickly  detect  such  a  mistake  as  the  misplacing  of  a  decimal  point 
or  the  inverting  of  the  proportion. 

116.  Significant  figures.  The  atomic  weights  which  are 
to  be  used  in  calculating  such  problems  are  the  approximate 
values  given  in  the  table  on  the  back  cover.  These  are  not 
the  most  accurate  values  which  have  been  determined,  but 
they  are  close  enough  for  practical  purposes.  It  is  only  in 
very  accurate  chemical  work  that  we  use  the  most  exact  values 
that  have  been  obtained.  It  will  be  seen  that  these  numbers 
have  not  more  than  three  figures  in  them;  the  fourth,  fifth,  or 
sixth  figure  counting  from  the  left  has  been  roimded  off.  For 
example,  the  accurate  atomic  weight  of  barium  is  137.37.  We 
call  this  137.  In  the  same  way,  in  carrying  out  arithmetical 
processes  we  should  express  the  answer  in  the  nearest  three  figures. 
Since  we  have  used  atomic  weights  that  have  not  more  than 
three  figures  in  them,  the  fourth,  fifth,  and  sixth  figures  in  a 
possible  answer  will  have  no  significance.  We  therefore  say- 
that  the  problems  in  this  book  should  be  carried  to  but  three 
significant  figures.  Zeros  which  occur  before  a  set  of  numbers, 
as  for  example  in  0.00672,  are  not  considered  as  significant 
figures ;  the  three  significant  figures  here  are  6,  7,  and  2. 

116.  Problems  involving  weight  and  volume.    Suppose  we 

wish  to  find  out  how  many  liters  of  carbon  dioxide  (measured  under 
standard  conditions)  can  be  obtained  from  2  kilograms  of  marble  by 
the  action  of  hydrochloric  acid. 

First,  we  write  the  complete  equation  for  the  reaction : 

CaCOs  4-  2  HCl ^  CaCU  +  H2O  +  CO2 

Second,  we  write  under  each  formula  the  figure  representing  the 
weight  for  which  each  complete  formula  stands : 
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CaCOs  -h  2  HCl ^  CaCl,  +  H2O  +  CO2 

100  73  111  18  44 

Third,  we  write  above  the  equation  what  we  know  and  what  we 
desire  to  know  about  each  of  the  substances  involved : 

2000  X 

CaCO,  +  2  HCl ^  CaClj  +  H2O  -h  CO2 

100  73  111  18  44 

Fourth,  we  read  the  equation  and  the  figures  as  they  now  stand  and 
make  a  proportion  which  will  show  the  required  value : 

100  :  44  :  :   2000  :  x 
Fifth,  we  solve  this  proportion  and  check  our  answer  ; 

X  =  ^^^^  =  880  grams. 

FinaUy,  we   look  up  the  density  of   carbon  dioxide  (see  table  in 
Appendix),  and  find  it  to  be  about  1.98  grams  per  liter. 

Therefore  the  volume  =  -^  =444  liters. 

1.98 

Note.  If  the  conditioDS  were  DOt  standard  (0°  C.  and  760  mm.),  we  should 
simply  solve  as  above  and  reduce  the  volume  under  standard  conditions  to 
that  under  the  required  conditions,  as  explained  in  Chapter  V. 

Again,  suppose  the  problem  to  be  as  follows:  How  much 
zinc  is  required  to  produce  10  liters  of  hydrogen  (standard 
conditions)  by  the  action  of  dilute  sulfuric  acid? 

We  must  first  find  the  weight  of  the  hydrogen  and  then  compute 
the  weight  of  the  zinc  needed. 

The  weight  of  10  liters  of  hydrogen  is  10  XO.09  or  0.90  grams. 
The  equation  is  as  follows : 

X  0  90 

Zn  +  H,S04 >■  ZnS04  -h  H, 

65  98  161  2 

The  proportion  is        2  :  65  :  :  0.90  :  x 

Therefore  x  =  ^  ^^'^  =  29.3  grams. 

Note.  If  the  volume  of  the  hydrogen  had  not  been  measured  under  standard 
conditions,  the  first  step  would  have  been  to  reduce  the  volume  to  standard 
ooDditions,  for  the  density  of  hydrogen  (0.09  grams  per  liter)  applies  only  to 
standard  conditions. 
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117.  General  rules.  Let  us  sum  Up  in  five  general  rules 
the  method  used  in  solving  chemical  problems : 

(1)  Write  the  complete  equation  for  the  reaction  in  question. 

(2)  Write  imder  each  formula  the  figure  representing  the 
weight  for  which  each  complete  formula  stands. 

(3)  Write  above  the  equation  what  we  know  and  desire  to 
know  about  each  of  the  substances  involved  in  the  reaction. 

(4)  Read  the  equation  and  the  figures  as  they  now  stand 
and  make  a  proportion  which  will  show  the  required  value. 

(5)  Solve  this  proportion  and  decide  whether  the  answer  is 
reasonable  by  making  a  rough  calculation  as  to  what  the 
answer  should  be. 

SUMMARY  OF   CHAPTER  XI 

A  CHEMICAL  EQUATION  represents  the  relative  weights 
of  each  of  the  substances  involved.  By  uniting  out  equations 
and  then  by  using  atomic  and  molecular  weights,  it  is  possible 
to  calculate  how  much  of  any  substance  may  be  required  or  pro- 
duced in  a  chemical  change. 

THE  ACTUAL  WEIGHTS  of  the  substances  are  in  the  same 
ratio  as  the  weights  of  the  molecules  involved.  Such  calculations 
deal  with  hut  two  of  the  substances  at  a  time. 

PROBLEMS  INVOLVING  WEIGHT  AND  VOLUME  may  be 
solved  first  by  finding  the  weight  of  the  gas  involved  and  then  by 
computing  the  volume  from  the  density.  Or,  if  the  volume  is 
given,  compute  the  weight  and  solve  by  proportion. 

Problems 

1.  How  much   potassium   chlorate  must   be   used  to  generate  2 
grams  of  oxygen? 

2.  How  much  mercuric  oxide  must  be  used  to  generate  2  grams 
of  oxygen? 

3.  What  weight  of  zinc  will  be  needed  to  generate  100  liters  of 
hydrogen,  using  dilute  sulfuric  acid  ? 
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4.  What  weight  of  zinc  will  be  needed  to  generate  100  liters  of 
hydrogen,  using  dilute  hydrochloric  acid? 

6.  Calculate  the  weight  of  hydrogen  generated  when  100  cc.  of 
dilute  sulfuric  acid  containing  25  grams  of  pure  sulfuric  acid  is  added 
to  10  grams  of  zinc. 

6.  What  volume  of  hydrogen  (measured  under  standard  condi- 
tions) could  be  obtained  by  the  electrolytic  decomposition  of  5  grams 

of  water? 

7.  What  volume  of  hydrogen  (measured  under  standard  condi- 
tions) is  needed  to  reduce  10  grams  of  copper  oxide  (CuO)  ? 

8.  How  many  grams  of  mercury  would  result  from  the  complete 
decomposition  of  5  grams  of  mercuric  oxide? 

9.  What  weight  of  zinc  is  required  to  make  10  liters  of  hydrogen 
(at  15®  C.  and  745  mm.)  by  replacement  from  sulfuric  acid? 

10.  What  volimie  of  carbon  dioxide  (measured  under  standard 
conditions)  would  be  given  off  from  1  kilogram  of  sodium  bicarbonate 
in  a  fire  extinguisher?     The  equation  is 

2  NaHCO,  -h  H2SO4  — >-  2  CO2  t  +  2  H2O  +  Na^SO* 


Topic  for  Further  Study 

Practical  chemical  calculations.  Suppose  hydrogen  is  desired  for 
balloons.  How  much  would  the  raw  materials  cost  for  making  100,000 
eu.  ft.  of  the  gas  from  (a)  zinc  and  acid;  (&)  iron  and  acid?  What 
would  be  the  cheapest  acid  to  employ?  Which  of  these  methods 
would  seem  to  be  the  more  economical?  There  are  other  important 
items  of  expense  beside  raw  materials;  a  final  answer  to  the  cost  of 
manufacturing  hydrogen  could  be  given  only  if  these  other  expenses 
were  known.  What  methods  were  used  to  prepare  hydrogen  for  the 
balloons  used  in  the  World  War?  (Market  prices  of  materials  will 
be  foimd  in  trade  journals,  such  as  Chemical  and  Metallurgical 
Engineering.) 


CHAPTER  XII 
HYDROGEN  CHLORIDE 

Common  salt  and  sulfuric  acid  —  laboratory  and  com- 
mercial preparation  of  hydrogen  chloride  —  proi>erties  — 
hydrochloric  acid  —  acids  in  general  —  bases  —  neutraliza- 
tion —  chlorides  —  test  for  a  chloride  —  uses  of  hydrochloric 
acid  —  composition  of  hydrogen  chloride  by  electrolysis  and 
by  synthesis. 

118.  Action  of  common  salt  and  sulfuric  acid.  Thus  far 
we  have  been  principally  concerned  with  water  and  its  con- 
stituent elements,  and  with  the  air  and  its  components.  Another 
very  familiar  substance  is  common  salt,  or  sodium  chloride 
(NaCl).  Sulfuric  acid  (H2SO4),  a  chemical  with  which  we 
have  already  worked,  is  doubtless  the  most  important  sub- 
stance which  the  chemist  uses.  Let  us  find  out  what  happens 
when  this  acid  is  added  to  common  salt. 

We  place  a  pinch  of  sodium  chloride  in  a  test  tube  and  add  a  few 
drops  of  concentrated  sulfuric  acid.  If  necessary  we  warm  it  slightly 
in  order  to  start  the  action.  We  soon  see  bubbles  of  gas  forming  on 
the  salt  and  rising  through  the  acid,  and  we  smell  a  sharp,  choking 
odor.  The  gas  itself  has  no  color,  but  when  we  blow  over  the  top  of 
the  tube  a  white  cloud  is  formed.  A  piece  of  moist  blue  litmus  paper 
turns  from  blue  to  red  when  we  bring  it  near  the  mouth  of  the  tube. 
If  we  bring  near  the  open  end  of  the  tube  a  piece  of  filter  paper  wet 
with  ammonia  water,  a  very  dense  white  smoke  appears.  These  are 
the  characteristics  of  a  gas  known  as  hydrogen  chloride  (HCl). 

119.  Preparation  of  hydrogen  chloride.    In  order  to  study 

further  the  properties  of  hydrogen  chloride  we  may  set  up  the  appa- 
ratus shown  in  figure  74.  The  flask  contains  a  handful  of  common  salt. 
The  sulfuric  acid  is  introduced  through  a  thistle  tube  which  reaches 
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nearly  to  the  bottom  of  the  flask.  Since  the  gas  (HCl)  is  extremely 
soluble  in  water,  we  cannot  collect  it  over  water.  It  is,  however, 
heavier  than  air ;  so  we  may  collect  it  in  an  oi>en  bottle  by  dovmward 
displacement  of  the  air.  Heat  must  be  applied  very  gently  when  it  is 
necessary.  The  presence  of 
the  gas  in  the  bottle  is  recog- 
nized by  the  pungent  odor  and 
by  the  white  fumes  which  ap- 
pear when  the  breath  is  blown 
over  the  top  of  the  bottle. 

The  method  used  in  man- 
ufacturing hydrogen  chlo- 
ride on  a  commercial  scale 
is  not  different  in  principle 
from  th^t  just  described. 
When  sulfuric  acid  (H2SO4) 
and  sodium  chloride  (NaCl) 
react,  the  hydrogen  of  the 
acid  combines  with  the 
chlorine  of  the  salt  to  form 
the  gas  hydrogen  chloride 
(HCl),  which  is  given  off. 
There  is  left  behind  in  the  flask  or  retort  a  white  solid  which 
is  called  sodium  sulfate  (Na2S04).  This  reaction  can  be  ex- 
pressed thus : 

H2SO4  +  2  NaCl  — >-  Na2S04  +  2  HCl  T 


Fig.  74.    Hydrogen  chloride  generator. 


sulfuric 
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sodium 
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It  will  be  noted  that  this  is  an  example  of  double  decomposition 
and  that  one  of  the  products  is  a  gas.  This  is  indicated  by  the  arrow 
pointing  up.  Sulfuric  acid  is  used  because  it  boils  at  a  comparatively 
high  temx>erature  (338®  C),  while  hydrogen  chloride  is  a  gas  at  room 
temperatures. 

120.  An  experiment  with  hydrogen  chloride.  The  extreme 
solubility  of  this  gas  in  water  may  be  strikingly  shown  in  the 
foUowing  experiment : 
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We  fill  a  dry  flask  with  the  gas  and  insert  in  it  a  two-hole  rubber 
stopper  in  one  hole  of  which  is  a  '*  dropper  *'  containing  water  and  in 
the  other  a  straight  glass  tube  drawn  down  to  a  small  opening  on  the 
inside  end.     The  apparatus  is  set  up  as  shown  in  figure  75.    Next  we 

pinch  the  rubber  bulb,  expelling  a  few  drops 
of  water  into  the  flask.  This  water  dis- 
solves so  much  of  the  gas  that  the  water 
in  the  jar  is  forced  by  atmospheric  pressure 
to  behave  like  a  fountain. 

It  is  this  great  solubility  of  hydrogen 
chloride  in  water  which  causes  the 
characteristic  fuming  of  the  gas  in 
moist  air.  The  moisture  of  the  air  dis- 
solves the  gas  and  then  forms  small 
droplets  of  the  solution,  which  remain 
suspended  in  the  air  like  white  fog. 

121.  Properties.  Hydrogen  chloride 
is  a  colorless  gas,  about  one-fourth 
heavier  than  air.  It  has  a  very  irri- 
tating, sharp  odor  and  is  extremely 
soluble  in  water :  one  cubic  centimeter 
^^   of  water  dissolves  between  400  and 

Fig.^.  Hydrogen  chloride  ^00  cubic  centimeters  of  the  gas. 
is  extremely  soluble  in  Hydrogen  chloride  wiU  not  bum  and 
^**^'  will    not    support    combustion.    The 

dry  gas  reacts  only  very  slowly  with  most  metals  at  room 
temperature.  It  will  react  with  some  at  a  high  temperature. 
The  hydrogen  of  the  compound  is  liberated  as  hydrogen  gas, 
and  the  chlorine  combines  with  the  metal  (simple  replacement). 

It  reacts  with  zinc  and  the  product  is  zinc  chloride  (ZnCls),  a  white 
solid.     The  equation  for  the  reaction  is : 


Zn  +  2HC1 


xino 


hydrogen 
chloride 


ZnCla  +  Hat 

hydrogen 


nnc 
chloride 


The  above  reaction  is  exactly  analogous  to  that  between  steam  and 
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iron  to  give  hydrogen  and  iron  oxide.     The  equation  for  this  reaction 
is  * 

3  Fe  +  4  H,0  — »-  FcO*  +  4  Hj  t 

iron  steam  iron  hydrogen 

oxide 

122.  Hydrochloric  acid.  The  solution  of  hydrogen  chloride 
in  water  is  known  as  hydrochloric  acid.  Its  properties  are 
quite  different  from  those  of  the  dry  gas,  and  the  two  substances 
should  not  be  confused.  Solutions  of  the  gas  in  water  con- 
taining as  much  as  40  per  cent  by  weight  of  the  gas  can  be 
prepared.  A  solution  containing  more  than  30  per  cent  of 
the  gas  is  called  concentrated  hydrochloric  acid.  This  is  the 
concentration  of  the  commercial  acid  which  is  known  as  "  mu- 
riatic acid."  When  it  is  diluted  with  3  or  4  times  its  volume 
of  water,  we  have  dilute  hydrochloric  acid.  A  concentrated 
solution  of  the  pure  gas  in  distilled  water  is  "  chemically  pure  *' 
(C.  P.)  hydrochloric  acid.  This  is  a  colorless  liquid  with  a 
density  of  about  1.2  grams  per  cubic  centimeter. 

Hydrochloric  acid  is  a  very  active  substance.  We  have 
already  used  it  for  preparing  carbon  dioxide  (§  63).  It  reacts 
vigorously  with  zinc,  producing  hydrogen.  In  fact,  with  all 
the  common  metals  except  mercury,  silver,  copper,  and  lead, 
hydrochloric  acid  produces  hydrogen.  The  equation  for  the 
reaction  with  zinc  is : 

Zn  +  2HC1  — >-  ZnCl2  +  Hat 

lino       hydrochloric  sine  hydrogen 

acid  chloride 

This  reaction  is  exactly  the  same  as  that  of  the  dry  hydrogen  chloride 
except  that  it  takes  place  very  rapidly  and  at  room  temperature. 

123.  Acids  in  general.  Hydrochloric  acid  is  an  example 
of  the  large  class  of  substances  known  as  acids,  all  of  which 
contain  hydrogen.  In  a  dilute  water  solution,  the  hydrogen 
can  be  liberated  by  metals,  the  action  being  a  case  of  replace- 
ment. Some  substances,  like  sugar,  contain  hydrogen,  which 
cannot  be  replaced  by  metals ;   they  are  tVi^i^iot^  TvaX*  ^^SAs.^ 
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Water  eolvHons  of  aU  adds  have  a  peculiar  sour  taste,  and  all 
turn  a  certain  natural  dye,  coiled  litmus,  from  Nue  to  red.  Some 
of  the  commoner  acids,  beside  hydrochloric  and  sulfuric,  are 
nitric,  acetic  (which  gives  vinegar  its  sour  taste),  and  citric 
acid  (which  Is  one  of  the  acids  present  in 
lemons). 

Another  characteristic  of  acids  is  their 
rapid  reaction  with  certain  compounds 
known  as  bases. 

124.  Bases.  We  saw  (g31)  that  when 
sodium  reacts  with  water,  hydrogen  and 
a  compound  called  sodium  hydroxide 
(NaOH)  are  formed.  This  compound  is 
soluble  in  water  and  when  it«  water  solu- 
tion is  evaporated  it  is  left  as  a  white 
sohd.  Sodium  hydroxide,  known  com- 
mercially as  "  caustic  soda,"  is  a  typical 
base.  Certain  soluble  bases  (NaOH  and 
KOH)  are  called  alkalies.  Water  soluHana 
of  bases  have  a  peculiar  biting,  or  caustic, 
taste  and  a  soapy  feeling.  They  ckaiige  red 
>T^^~1^|^^^       litmus  to  6h/e,  which  is  the  reverse  of  the 

;?,  ^\    change  caused  by  acids.     They  all  contain 

oxygen  and  hydrogen,  a  combination  of 
atoms  called  the  hydrozyl  group  (OH). 
126.  Neutralization  of  base  and  acid.  When  a  base  and 
an  acid  are  brou^t  together  in  solution  in  just  the  right  pro- 
portion, the  characteristic  properties  of  each  disappear.  It  is 
evident  that  there  has  been  a  chemical  change.  The  base  and 
the  acid  are  said  to  neutrahze  each  other,  and  the  process  is 
called  neutralization.  To  determine  just  when  the  ri{^t  amount 
of  acid  has  been  used  to  neutrahze  a  given  amount  of  base,  we 
use  htmus  or  some  other  indicator  *  Uke  phenolphthalein. 

*  Aq  indicator  is  a  substaDce  which  ahows  one  color  in  bd  acid  and  another 
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K  we  allow  10  oc.  of  hydrochloric  acid  to  run  from  a  burette  (Fig. 
76)  into  a  beaker,  and  add  a  drop  or  two  of  litmus,  the  solution  becomes 
bright  red.  A  dilute  solution  of  sodium  hydroxide  is  now  added  little 
by  little  from  the  other  burette,  and  the  solution  is  stirred.  When 
a  certain  amount  of  the  base  has  run  in,  the  color  of  the  solution  sud- 
denly turns  blue.  This  shows  that  slightly  too  much  base  has  been 
added.  A  few  drops  of  acid  will  restore  the  red  color,  and  a  few  drops 
more  of  the  base  will  again  make  the  solution  blue.  When  the  solu- 
tion is  at  a  point  where  a  drop  of  either  acid  or  base  will  reverse  the 
process,  the  right  proportions  of  acid  and  base  are  present.  This  is 
called  the  end  point.  Burettes  are  used  in  sucn  an  experiment  so  that 
the  amount  of  acid  and  base  employed  may  be  accurately  measured. 
If  the  solution  is  now  evaporated,  little  cubes  of  a  white  solid  will  be 
found  which  is  common  salt. 

By  the  reaction  of  sodium  hydroxide  and  hydrochloric  acid 
sodium  chloride  and  water  have  been  formed.  The  sodium 
chloride  is  soluble  in  water  and  can  be  found  only  by  evapora- 
tion.    The  equation  for  this  important  reaction  is : 

Babe  Acid  Salt  Watbb 

NaOH    +    HCl    — *-    NaCl     +    HjO 

sodium  hydrochloric  sodium  water 

hydroxide  acid  chloride 

Sodium  chloride  (common  salt)  is  an  example  of  a  very  large 
and  important  group  of  compounds  known  as  salts.  The 
process  of  neutralization  alwajrs  produces  a  salt  and  water. 
It  should  be  noted  that  the  metal  of  the  base  and  the  non- 
hydrogen  part*  of  the  acid  are  united  in  the  salt.  The  com- 
pounds  formed  by  the  replacement  of  the  hydrogen  of  an  acid  by  a 
metal  are  called  salts, 

126.  Chlorides.  The  compound  resulting  from  the  imion 
of  an  element  and  chlorine  is  called  a  chloride.  All  the  salts 
which  are  formed  from  hydrochloric  acid  are  called  chlorides, 
irrespective  of  the  base  employed.  Whenever  a  metal,  such 
as  zinc,  reacts  with  hydrochloric  acid,  the  metallic  chloride 
(as  zinc  chloride)  is  made.  Sometimes  a  chloride  is  formed  by 
the  direct  combination  of  an  element  and  chlorine,  as,  for 
instance,  antimony  and  chlorine  (§  315). 
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AU  the  common  chlorides  are  readily  soluble  in  water  except 
those  of  silver  {AgCl),  lead  {PbClt),  and  mercury  (HgCl). 

127.  Test   for   a   chloride.    A   solution   of   silver   nitrate 

(AgNO))  —  which  is  made  from  silver  and  nitric  acid  —  is  a 

test  for  a  chloride,  because  it  pro- 

H  duces  a  white,  curdy  precipitate 
(AgCI)  with  every  solution  which 
contains  a  chloride.  A  precipitate 
is  an  insoluble  solid  which  results 
from  a  chemical  action  in  solu- 


)  dissolve  a  pinoli  of  sodium 
chloride  (NaCI)  in  water  and  add  a 
few  drops  of  silver  nitrate  solution,  a 
white  curdy  precipitate  (Fig.  77)  con- 
sisting of  silver  chloride  is  at  once  pro- 
duced. We  may  divide  the  liquid  con- 
taining the  precipitate  into  two  parts 
and  add  ammonia  water  to  one  and 
nitric  aoid  to  the  other.  It  will  be 
leen  that  the  precipitate  dissolves  in 
Lmmonia  water  and  does  not  dissolve 
Fig.  77.  Po-ring  .ilver  nitfte  ™  nitric  acid.  It  will  also  be  obaerved 
into  Bodlnm  chloride  pted^  that  the  white  preeipitaU  turns  purple 
t>te*  silver  chloride.  on  standing  in  the  sunlight. 

The  equation  for  this  double  decomposition  is 

NaCl     +     AgNOa    — *-    AgCU     +     NaNO. 

shiaride  niUBla  flUorids  oitrats 


This  test  is  a  very  sensitive  one,  and  the  presence  of  a  very 
minute  quantity  of  chloride  can  thus  be  recognized. 

128.  Uses  of  hydrochloric  acid.  Very  small  quantities 
of  hydrochloric  acid  are  always  found  in  the  stomach,  for  its 
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presence  is  necessary  in  the  digestive  process.    This  acid  is 
produced  in  the  body  from  the  salt  that  is  taken  with  the  food. 

Concentrated  hydrochloric  acid  is  man- 
ufactured in  considerable  quantities  for  use 
in  the  industries  and  in  laboratories.  It 
is  generally  shipped  in  large  glass  carboys 
(Fig.  78)  packed  in  wooden  boxes.  It  is  used 
.  by  tinmen  and  plumbers  for  cleanii^  metal  r  \  '"" 
surfaces  which  are  to  be  soldered.  ^^ 

129.  C<nnposition  tA  h]rdr<%en  chloride. 
The  fact  that  hydrogen  chloride  is  composed 
of  hydrogen  and  chlorine'  may  be  demon- 
strated in  the  same  way  that  the  composition  ^'|^  J*"    '^^^^  ,^ 
of  water  is  shown ;  that  is,  by  electrolysis.         tmuporutioii. 

If  concentr&ted  hydrochloric  acid  is  placed  in 
the  apparatus  {Fig.  79)  and  an  electric  current  is 
passed  through  the  solution,  we  find  that  hydro- 
gen is  produced  at  the  negative  ( — )  electrode  and 
chlorine  at  the  positive  (+).  At  first  the  gases 
collect  at  unequal  rates  because  the  chlorine  dis- 
solves in  the  solution ;  but  after  a  time  the  liquid 
becomes  saturated,  and  both  gases,  the  hydn^en 
and  the  chlorine,  collect  in  the  tubes  in  equal 
volumes. 

In  this  experiment  we  obtain  from  the 
aqueous  solution  of  hydrogen  chloride  equal 
volumes  of  hydrogen  and  of  chlorine,  a  gas 
which  we  have  not  as  yet  considered.  This 
,  new  gas  is  foimd  to  be  greenish  in  color  and 
to  have  a  suffocating  and  irritating  effect 
when  breathed  into  the  lungs. 
nc  7».  Eloctroiysto  We  may  also,  as  in  the  case  of  water,  re- 
nt hydrochloric  .dd.  ^^^  ^j,g  experiment  and  show  the  formation 
of  kydrogen  chloride  by  the  synthesis  of  eywol  volumes  of  hydro- 
gen and  chlorine. 
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A  small  bottle  (Fig.  80)  is  filled  with  oonoentrated  hydrochloric 
acid  nearly  up  to  the  neck,  and  an  electric  current  ia  aent  through  the 
solution  for  about  15  minutes.  We  then  connect  the  exit  tube  with 
a  Btout  glass  tube  (Fig.  81)  which  has  a  stopcock  at  each  end.  We 
allow  the  gaees,  hydrc^en  and  chlorine,  to  pass 
throu^  the  straight  tube  and  then  to  bubble 
through  a  sodium  hydroidde  solution.  The 
whole  apparatus  has  been  covered  with  a  dark 
doth  to  prevent  a  premature  explosion  due  to 
the  sunlight.  It  is  best  to  let  the  gaaea  pass  . 
through  the  apparatus  for  at  least  15  minutes 
more,  then  to  close  both  cooks  and  to  stop  the 
current. 

The  mixture  of  hydrogen  and  ohloripe  may 

be  exploded  by' an  electric  spark  if  the  tube  is 

Fig.  8o.  PrepMation  of  Provided  with  platinum  wires ;  or  it  may  be 
hfdrogen  ind  chlorine,  exploded  still  more  easily  by  exposure  to  di- 
rect sunlight  or  to  a  magnesium  flaahhght. 
Caution  !  The  gases  explode  instantly,  but  there  is  no  noise,  only  a 
little  click  with  a  flash  of  Ught  in  the  tube. 

To  show  the  volume  of  hydrogen  chloride  gas  formed,  we  may 
place  one  end  of  the  tube  under  some  mercury  in  a  dish  and  open  the 
stopcock  at  that  end.  Since  the  mercury  does  not  rise  in  the  tube 
and  no  bubbles  of  gas  escape,  the  voliime  of  the  hydrogen  chloride  ia  juat 
eqwd  to  the  ^um  of 

—I 


the  volumea  of  kydri 

gen  and  chlorine. 

If  we  now  open 

e  end  of  the  tube 


=5< 

Fig.  8i. 


Tube  foi  aynthssia  of  hydrogen  cliloride- 


beneath  water,  we  notice  that  the  water  is  sucked  up  into  the  tube  witha 
rush.  On  testing  the  water  in  the  tube  we  find  that  it  is  hydrochloric  acid. 

These  experiments  show  that  one  volume  of  hydrogen  combines 
tmtk  one  volume  of  chlorine  to  form  two  volumes  of  hydrogen 
ekloride  gas. 

S    +  [eg    - 

1  vol.  hydrogen+1  vol.  chlorine  - 


[hCI  I  HCl  I 
-  2  vol.  hydrogen  chloride 


This  ia  a  very  interesting  illustration  of  Gay-Lussac's  Law 
of  Volumes  (§  58). 


SUMMARY  OF  CHAPTER  XII  125 

SUMMARY  OF   CHAPTER  Xn 

HYDROGEN  CHLORIDE  IS  PREPARED  by  the  action  of 
concentrated  sulfuric  add  on  sodium  chloride. 

PROPERTIES:  Hydrogen  chloride  is  a  colorless  gas  with 
a  pungent  odor.  It  forms  a  cloud  with  moist  air,  is  extremely 
soluble  in  water,  and  is  one-fourth  heavier  than  air.  The  dry  gas 
is  inactive. 

HYDROCHLORIC  ACID  (or  muriatic  add)  is  a  water  solution 
of  hydrogen  chloride.  It  is  a  typical  acid :  it  reacts  with  metals, 
such  as  zinc,  evolving  hydrogen;  it  tastes  sour  and  turns  blue 
litmus  red. 

A  CHLORIDE  is  a  compound  of  chlorine  and  some  other 
element.  All  the  common  chlorides  except  three  are  soluble  in 
water. 

BASES  are  compounds  which  will  neutralize  acids.  They 
are  mostly  hydroxides  of  metals.  Those  that  are  soluble  in  water 
are  alkaline;  they  turn  red  litmus  blue. 

SALTS  are  the  compounds  produced  by  the  replacement  of  the 
hydrogen  of  an  add  by  a  metal.  A  salt  and  water  are  produced 
by  the  neutralization  of  a  base  by  an  acid. 

COMPOSITION  OF  HYDROGEN  CHLORIDE:  one  volume 
of  hydrogen  will  combine  with  one  volume  of  chlorine  to  yield 
two  volumes  of  hydrogen  chloride. 

Questions  and  Problems 

*  1.  In  preparing  hydrogen  chloride,  what  substance  furnishes  the 
hydrogen?  what  substance  the  chlorine? 

2.  Why  is  the  aqueous  solution  of  hydrogen  chloride  more  useful 
than  the  dry  gas? 

3.  What  are  the  three  characteristic  properties  of  acids  in  water 
solutions? 

4.  How  does  a  base  differ  from  an  acid  ? 

6.  How  would  you  prove  that  a  given  solution  contained  a  chloride  ? 

6.  What  are  the  products  formed  in  neutralizing  a  base  with  an 
acid? 

7.  Why  does  a  tinman  use  muriatic  acid  in  so\der\x\!g  TCkfi\a^&*l 
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8.  Why  is  hydrochloric  acid  not  shipped  in  tin  cans? 

9.  What  are  the  difficulties  in  connection  with  the  electrolysis  of 
hydrochloric  acid? 

10.  What  precautions  must  be  taken  in  the  synthesis  of  hydrogen 
chloride? 

11.  What  chemical  law  is  illustrated  in  the  synthesis  of  hydrogen 
chloride?  What  other  experiment  have  we  had  which  illustrates 
the  same  law? 

12.  Calculate  the  percentage  composition  of  hydrogen  chloride. 

13.  How  many  grams  of  sodium  chloride  are  needed  to  yield,  with 
sulfuric  acid,  30  grams  of  hydrogen  chloride? 

14.  If  the  gas  in  Problem  13  is  dissolved  in  water,  making  a  30  % 
solution  whose  density  is  1.15  grams  per  cubic  centimeter,  how  many 
cubic  centimeters  of  hydrochloric  acid  will  be  produced? 


Rbview  Questions 

1.  Define  and  explain  the  terms  element;  compound;  atom;  mole- 
cule, 

2.  (a)  Define  an  acid,  a  base,  and  a  salL  (h)  Write  equations  il- 
lustrating methods  for  making  one  member  of  each  of  these  classes  of 
substances. 

3.  What  weight  of  sodium  sulfate  oould  be  obtained  from  10  grams 
of  sodium  chloride  ? 

4.  State  the  Law  of  Multiple  Proportions.  Explain  this  law  by 
means  of  examples. 

6.  Write  the  following  equations  in  complete  form,  using  formulas : 

(Hot)  copper  and  oxygen  (gas)  =  ? 
(Hot)  zinc  and  water  (vapor)  =  ? 
Zinc  oxide  and  sulfuric  acid=  ? 
Magnesium  and  hydrochloric  aoid»  ? 
Sodium  hydroxide  and  sulfuric  acid=  ? 

Topic  for  Further  Study 

The  manufacture  of  hydrochloric  acid.  What  is  the  commercial 
method  of  preparing  hydrochloric  acid  ?  What  raw  materials  are  used  ? 
What  is  the  by-product?  Of  what  is  the  apparatus  built?  Why? 
Consult  a  book  on  Industrial  Chemistry  {Thorpes  or  Rogers*), 


CHAPTER  XIII 
ATOMIC  AND  MOLECULAR  WEIGHTS* 

Formula  is  result  of  experiments  —  Avogadro's  theory  — 
its  consequences  —  hydrogen  molecule  has  two  atoms  — 
problems  involving  volumes  of  gases  only  —  molecular 
weights  —  gram-molecular  volume  —  atomic  weights  — 
atomic  weight  from  molecular  weight  —  combining  weights  — 
precise  determination  of  atomic  weights  —  finding  the 
formula  of  a  compound. 

130.  A  formula  is  the  result  of  experiments.  Thus  far  we 
have  shown  no  experimental  evidence  why  the  molecules  of 
hydrogen,  oxygen,  nitrogen,  and  chlorine  should  be  represented 
by  H2,  O2,  N2,  and  CI2.  Nor  have  we  attempted  to  explain  why 
a  molecule  of  water  is  represented  by  H2O,  a  molecule  of  sul- 
furic acid  by  H2SO4,  ^nd  a  molecule  of  acetylene  gas  by  C2H2. 
This  interesting  problem  of  how  the  formula  of  a  substance  is 
determined  by  experiment  we  shall  discuss  in  this  chapter. 

131.  Uniformity  of  gases.  We  have  already  learned  in 
Chapter  V  that  all  gases  behave  aUke  as  regards  the  effects  of 
pressure.  Thus,  the  volume  of  any  gas  varies  inversely  as  the 
pressure  if  the  temperature  remains  the  same,  according  to  Boyle's 
Law.  We  have  also  learned  that  all  gases  behave  alike  as  re- 
gards the  effects  of  temperature.  Thus,  the  volume  of  any  gas 
varies  directly  as  the  absolute  temperature  if  the  pressure  remains 
the  samCy  according  to  the  Law  of  Charles. 

In  Chapter  VI  we  learned  from  the  voliunetric  synthesis  of 
steam  that 

2  vol.  hydrogen  +  1  vol.  oxygen  — ►•  2  vol.  steam 

*  Some  teachers  may  prefer  to  postix)ne  or  omit  this  chapter. 
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In  Chapter  XII  we  have  just  seen  that 

1  Tol.  hydroK«]i  +  1  vol.  chloiine  —>-  2  vol.  bydrogen  chloride 

A  careful  study  of  the  proceas  of  making  anunonia  gas  by 
the  direct  union  of  hydrogen  and  nitrogen  gives  these  results : 

3  vol.  hydrogen  + 1  vol.  nitrogen  — >-  2  vol.  ammonia 

These  experimental   facts  all   illustrate   the   Law  of  Gat- 
LussAC : 

The  volumes  of  gases  used  aTid  produced  in  a  chemical  change  can 
aliDays  be  represented  by  the  ratio  of  small  whole  numbers. 

132.   Avogadro's  explanation.     These  striking  cases  of  uni- 
formity in  the  behavior  of  gases  led  the  famous  Italian,  Avo- 
gadro  (Fig.  82),  in  1811  to  the  fol- 
lowing explanation :  He  assumed  that 
equal  volumes  of  gases  under  like  con- 
ditions   of   temperature    and    pressure 
contain  the  sam»  number  of  molecules. 
In  other  words,  1    cubic   centimeter 
of  hydrogen  has  just  as  many  mole- 
cules as  1   cubic  centimeter  of  oxy- 
gen,     nitrogen,     chlorine,     hydrogen 
FiQ.  82.    Portrait  Medal    chloride,  or  any  other  gas,  provided 
OY   Ameddo   Avooadro   the  conditions  of  temperature  and 
(1776-1856).  pressure  are  the  same. 

ProfeBBorotp^oB  at  Turin,  133  Cousequences  of  tins  tiieory. 
It  should  be  noticed  at  once  that 
this  tiieory  makes  no  assumption  as  to  the  actual  number 
of  molecules  in  a  cubic  .centimeter.  But  it  does  give 
us  a  simple  method  of  comparing  the  weights  of  molecules 
of  gas  by  comparing  the  densities  of  the  gases,  that  is, 
their  wei^ts  per  unit  volume.  We  can  beat  show  this  in 
a  table: 
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Gab 

Densitt 
(Grams  per  liter) 

Rblatkys  Wbiqhtb  of 
Molecules 

Hydrogen 

Oxygen 

Nitrogen        

Hydrogen  chloride      .... 

0.09 
1.43 
1.25 
1.64 

• 

•1 
16 
14 
18.2 

In  this  table  we  have  used  only  the  approximate  values  for 
densities  and  have  taken  hydrogen  as  the  basis  of  comparison. 
It  wiU  be  seen  that  the  third  column  gives  us  the  relative 
weights  of  the  molecules  referred  to  the  hydrogen  molecule 
as  a  standard. 

134.  Hydrogen  molecule  has  two  atoms.  Another  very 
interesting  conclusion  that  we  draw  from  Avogadro's  theory 
is  that  every  molecule  of  hydrogen  has  at  least  two  atoms.  Let 
us  see  ^y  this  is  so.  Our  experiment  in  the  synthesis  of 
hydrogen  chloride  showed  that 

1  vol.  hydrogen  +  1  vol.  chlorine  — >-  2  vol.  hydrogen  chloride 

According  to  Avogadro  we  must  assume  that  we  have  the 
same  number  of  molecules  of  hydrogen  as  of  chlorine  and  tvyice 
that  number  of  molecules  of  hydrogen  chloride.  Suppose  we 
have  a  million  molecules  of  hydrogen;  then  we  must  have  a 
million  molecules  of  chlorine  and  two  miUion  molecules  of 
hydrogen  chloride.  Each  one  of  these  molecules  of  hydrogen 
chloride  must  contain  at  least  one  atom  of  hydrogen ;  so  that 
we  have  in  all  two  miUion  atoms  of  hydrogen  coming  from  one 
miUion  molecules  of  hydrogen.  This  experiment  indicates  that 
each  molecule  of  hydrogen  contains  at  least  2  atoms  of  hydrogen. 

It  may  help  us  to  picture  this  relation  if  we  draw  squares  to  repre- 
sent the  equal  voliunes,  as  shown  below : 


iMUlion 
MoUeuU$ 

Hz 


-h 


IMUlion 
Molecules 


IMUlion 
Molecule* 

Ha 


1  Million 
MoleetUea 

Ha 


'Hydrogen 


Chlorine 


Hydrogeii  ci\iVoTv3kfc 
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By  a  similar  course  of  reasoning  it  follows  that  the  chlorine 
molecule  also  contains  at  least  two  atoms. 
We  repijesent  these  facts  by  the  following  equation : 

H2  +  CI2  —>-  2  HCl 

This  means  that  one  molecule  of  hydrogen,  containing  2  atoms,  plus 
one  molecule  of  chlorine,  containing  2  atoms,  gives  2  molecules  of  hydro- 
gen chloride,  each  containing  one  atom  of  hydrogen  and  one  atom  of 
chlorine. 

Note.  It  should  be  remembered  that  any  even  number  might  be  used  instead 
of  two ;  but  since  there  is  no  reaction  in  which  the  hydrogen  molecule  appears 
to  be  divided  into  more  than  two  parts,  we  decide  that  there  must  be  only  two 
atoms  in  the  molecule. 

From  a  consideration  of  the  volumetric  synthesis  of  steam, 
we  come  by  similar  reasoning  to  the  conclusion  that  the  oxygen 
molecule  contains  two  atoms ;  and  from  a  study  of  the  synthesis 
of  ammonia,  we  conclude  that  the  nitrogen  molecule  also  con- 
tains two  atoms. 

135.  Problems  involving  volumes  of  gases.  One  of  the 
practical  advantages  which  results  from  writing  our  equations 
involving  the  reaction  of  gases  in  molecular  form  is  that  it  gives 
us  a  very  simple  method  of  computing  the  volumes  of  the  gases 
involved. 

For  example,  suppose  we  wish  to  find  the  voliune  of  oxygen  needed 
to  bum  1  liter  of  carbon  monoxide. 
We  first  write  the  equation 

2  CO  +  O2  — >-  2  CO2 

Since  equal  niunbers  of  molecules  of  gases  occupy  equal  volumes, 
we  may  read  the  equation  thus : 

2  vol.  CO  4-  1  vol.  O2  — >•  2  vol.  CO2 

Therefore  1  liter  of  CO  will  require  one-half  a  liter  or  600  cc.  of 
oxygen. 

Rule.  In  the  case  of  ga^es  the  coefficients  of  formvlas  in  egua- 
tions  represent  the  relative  volumes  of  the  substances. 
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136.  Finding  molecular  weights.  We  have  just  seen  how, 
by  comparing  the  densities  of  gases,  we  may  get  the  relative 
weights  of  their  molecules.  But  the  chemist  takes  as  his 
standard  the  hydrogen  atom.  Therefore,  the  molecular  weight 
of  a  substance  is  a  number  which  expresses  how  many  times  its 
molecule  is  heavier  than  the  hydrogen  atom. 

For  example,  the  density  of  oxygen  is  approximately  1.43 

grams  per  Uter,  and  the  density  of  hydrogen  is  about  0.09 

1  43 
grams  per  Uter;    therefore  the  density  of  oxygen  is  -^—-  or 

u.uy 
about  16  times  the  density  of  hydrogen.  According  to  Avo- 
gadro,  these  densities  will  have  the  same  ratio  as  the  weights 
of  the  molecules.  Therefore  one  molecule  of  oxygen  weighs 
16  times  as  much  as  one  molecule  of  hydrogen.  But  we  have 
just  seen  that  one  molecule  of  hydrogen  contains  two  atoms ; 
therefore  one  molecule  of  oxygen  weighs  2X16  or  32  times  as 
much  as  one  atom  of  hydrogen.  In  other  words,  the  molecular 
weight  of  oxygen  is  32. 

In  the  same  way  we  can  find  the  molecular  weight  of  nitrogen. 
Since  nitrogen  is  14  times  as  heavy  as  hydrogen,  its  molecule 
is  2X14  or  28  times  as  heavy  as  the  hydrogen  atom.  Also, 
in  comparing  the  densities  of  hydrogen  chloride  and  hydrogen, 
we  find  that  hydrogen  chloride  is  18.2  times  as  heavy  as  hydro- 
gen, and  therefore  its  molecular  weight  is  2X18.2  or  36.4. 

137.  Gram-molecular  volume.  We  have  just  seen  that  the 
molecular  weight  of  oxygen  is  32.  The  chemist  often  has  occa- 
sion to  use  as  many  grams  of  a  gas  as  there  are  units  in  its  molec- 
ular weight,  and  so  he  calls  this  weight  the  gram-molecular 
weight.  Thus,  32  grams  is  the  gram-molecular  weight  of  oxygen, 
28  grams  is  the  gram-molecular  wei^t  of  nitrogen,  and  36.4 
grams  is  the  gram-molecular  weight  of  hydrogen  chloride. 

What  volume  does  32  grams  of  oxygen  occupy  under  stand- 
ard conditions?    Since  one  Uter  of  oxygen  weighs  approxi- 

32 
mately  1.43  grams,  it  foUows  that  it  takes  t-tr  or  22.4  liters  at 
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oxygen  to  weigh  32  grams.  If  we  divide  the  gram-mole< 
weight  of  any  gas  by  its  density,  we  always  get  22.4  li 
Therefore  we  conclude  that  (he  gram^molecular  weight  of 

gas  occupies  a  volume  oj 
liters. 

This  gaseous  volum 
22.4  liters  (Fig.  83)  is 
of  great  importance  to 
chemist  in  the  labora 
for  it  furnishes  him  a  c 
means  of  calculating 
molecular  weight  of  any 
stance  which  can  be  wei 
in  the  gaseous  state :  a 
has  to  do  is  to  compute 
the  weight  of  a  given 
ume  under  standard  c< 


8'     a 


Fig.  83.    Cube  representing  one  gram-    tions  what  22.4  liters  ^ 

molecular  volume.  weigh  in  grams. 

For  example,  carbon  diaxide  weighs  p,pproximately  1,9S  £ 
per  liter;  therefore  22.4  liters  would  weigh  22.4X1.98  or  aboi 
grams.  .  The  molecular  weight  of  carbon  dioxide  is,  then,  ap] 
mately  44. 

Again,  nitrogen  weighs  1.25  grams  per  liter ;   therefore  22.4 
would  weigh  22.4X1.25  or  about  28  grams.     The  molecular  vi 
of  nitrogen  is,  then,  approximately  28. 


Questions  and  Problems 

1.  State  the  facts  and  theories  which  lead  us  to  believe  tha 
oxygen  molecule  contains  two  atoms. 

2.  State  approximately  the  relative  number  of  molecules  of  nit 
and  oxygen  in  the  atmosphere. 

3.  From  the  table  of ,  densities  of  gases  given  in  the  Appc 
compute  the  molecular  weights  of  the  following  gases :   (a)  Acet> 
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(6)  Ammonia ;     (c)  Carbon  monoxide ;     (d)  Hydrogen  sulfide ;    and 
(e)  Sulfiir  dioxide. 

4.  The  equation  for  the  reduction  of  carbon  dioxide  with  red-hot 

carbon  is  as  follows :        ^^         ^  « ^^ 

CO,  +  C  — >-  2  CO 

and  the  equation  for  burning  carbon  monoxide  is : 

2  CO  +  Oj  — >-  2  COj 

(a)  What  volume  of  carbon  monoxide  will  be  produced  by  the 
reduction  of  100  liters  of  carbon  dioxide? 

(6)  What  volume  of  oxygen  is  needed  to  bum  the  carbon  monoxide 
produced  in  problem  (a)  ? 

5.  When  150  cc.  of  hydrogen  bum  in  chlorine,  how  many  cubic 
centimeters  of  hydrogen  chloride  are  produced? 

6.  If  the  molecular  weight  of  nitrous  oxide  is  44,  what  is  the  approxi- 
mate density  (grams  per  liter)  of  the  gas? 

7.  The  density  of  helium  is  0.178  grams  x)er  liter  and  its  atomic 
weight  is  3.99.     How  many  atoms  does  a  helium  molecule  contain? 

138.  Atomic  weights.  Another  result  of  Avogadro's  theory 
is  that  it  gives  us  a  direct  method  of  calculating  the  relative 
weights  of  the  atoms,  that  is,  the  atomic  weights.  We  have 
just  seen  that  the  oxygen  molecule  is  approximately  16  times 
as  heavy  as  the  hydrogen  molecule,  and  we  have  also  seen  that 
the  oxygen  and  hydrogen  molecules  each  have  2  atoms.  There- 
fore we  can  say  that  the  oxygen  atom  is  16  times  as  heavy  as 
the  hydrogen  atom ;  in  other  words,  the  atomic  weight  of  oxygen 
is  16 J  referred  to  the  hydrogen  atom  as  a  standard. 

In  the  same  way  we  can  compute  the  atomic  weight  of 
nitrogen  as  14  and  of  chlorine  as  35.5. 

Unfortunately  we  cannot  apply  this  same  method  to  all  the 
elements  because  we  cannot  obtain  them  in  the  gaseous  condi- 
tion. 

139.  Atomic  weight  from  molecular  weight.  We  have  seen 
that  the  molecular  weight  of  a  substance  expresses  the  number 
of  times  its  molecule  is  heavier  than  the  hydrogen  atom ;  and 
that  the  atomic  weight  of  a  substance  expresses*  \5aa  tlwss^x  ^ 
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times  its  atom  is  heavier  than  the  hydrogen  atom,  the  miit 
in  each  case  being  the  same,  namely,  the  hydrogen  atom.  It 
is  evident,  then,  that  the  molecular  weight  of  a  compomid 
is  equal  to  the  sum  of  the  atomic  weights  of  its  constituent 
atoms. 

It  is  possible  experimentally  (by  means  of  its  density,  if  it 
is  a  gas,  and  also  by  other  methods  not  described  here)  to 
det-ermine  the  molecular  weight  of  a  compound;  it  is  also 
possible  to  determine  experimentally  its  percentage  composi- 
tion by  weight.  If,  then,  we  mvMply  the  molecular  weight  of 
the  compound  by  the  percentage  of  ea^ch  element  present,  we  shall 
get  numbers  which  are  the  atomic  weights,  or  some  multiple  of 
them,  of  the  constituent  elements.  Further,  if  we  analyze  several 
compounds  of  the  same  element,  we  shall  find  that  the  numbers 
obtained  by  multiplying  the  molecular  weights  by  the  per- 
centage composition  of  the  element  will  in  each  case  be  the 
same,  or  multiples.  We  then  take  as  the  atomic  weight  the 
smallest  weight  of  any  given  element  in  the  compounds  con- 
sidered. In  other  words,  by  this  method  the  smallest  weight 
of  an  elemerd  found  in  the  gram-molecular  weights  of  its  compounds 
is  the  atomic  weight  of  that  element. 

For  example,  let  us  determine  the  atomic  weight  of  the  element 
carbon.  This  element  forms  a  number  of  gaseous  compounds,  whose 
molecular  weights  can  easily  be  determined  by  finding  the  densities 
and  multiplying  by  22.4  (§  137).  The  molecular  weights  of  four  such 
gaseous  compounds  of  carbon  (carbon  dioxide,  carbon  monoxide, 
marsh  gas,  and  acetylene)  are  given  in  the  following  table.  We 
determine  by  exi)eriment  the  i)ercentage  of  carbon  in  each  of  these 
gases ;   the  results  are  given  in  the  third  column.     If  we  now,  in  each 


Name  of  Gas 

MoUfiCULAR 

Weight  (22.4  1.) 

Pbbcbntage  op 
Carbon  by  Experi- 
ment 

Part  OF  Molec- 
ular Weight 
Dub  to  Carbon 

Carbon  dioxide   .     . 
Carbon  monoxide    . 
Marsh  gas       .     .     . 
Acetylene  .... 

44.28 
28.02 
16.06 
25.98 

27.27 
42.86 
75.0 
92.31 

12.08 

12.01 
12.08 
23.98 
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case,  multiply  the  moleoida«r  weight  by  the  percentage  of  oarboii,  we 
shall  find  what  part  of  the  molecular  weight  is  due  to  the  carbon  (fourth 
column). 

From  the  results  in  the  fourth  column  it  is  evident  that  '*  the 
smallest  weight  of  this  element  found  in  the  gram-molecular  weights 
of  its  compounds  "  is  12.  Therefore  the  cUomic  weight  of  carbon  is  ap- 
proximcUely  12.  No  compound  has  ever  been  found  which  gives  a 
smaller  weight  for  carbon. 

140.  Atomic  weights  and  combining  weights.  If  we  analyze 
hydrogen  chloride  we  shall  find  that  35.5  grams  of  chlorine 
are  united  with  1  gram  of  hydrogen.  The  chemist  calls  this 
number  35.5  the  combining  weight  or  reacting  weight  of  chlo- 
rine. The  combining  J  or  reacting,  weight  of  an  element  is  the 
weight  of  thai  element  which  combines  with  or  replaces  1  gram 
of  hydrogen.  It  will  be  seen  at  once  that  this  combining  weight 
is  exactly  equal  to  the  atomic  weight  of  chlorine,  which  we 
have  already  determined  by  comparing  the  densities  of  the 
elementary  gases  chlorine  and  hydrogen.  Indeed,  this  com- 
bining weight  must  be  its  atomic  weight,  because  a  molecule 
of  hydrogen  chloride  (HCl)  consists  of  but  one  atom  of  hydrogen 
combined  with  one  atom  of  chlorine. 

Unfortunately  the  combining  weights  of  some  elements  are 
ru>t  equal  to  their  atomic  weights.  If  we  analyze  water  (§  59) 
we  find  that  1  part  of  hydrogen  unites  with  8  parts  by  weight 
of  oxygen,  and  therefore  the  combining  weight  of  oxygen  is  8, 
or  one-half  its  atomic  weight.  It  has  been  found  in  general 
that  the  atomic  weight  of  an  element  is  equal  to  its  combining 
weight  or  some  multiple  of  it.  In  the  case  of  oxygen  this  mul- 
tiple is  2. 

Let  us  take  the  case  of  an  element  which  does  not  com- 
bine with  hydrogen  but  which  replaces  it.  Such  an  element 
is  sodium;  its  combining  weight  may  be  determined  as 
follows : 

If  we  put  metallic  sodium  in  water,  hydrogen  and  sodium 
hydroxide  are  formed.    When  this  experiment  is  doiwa  cy^\il\- 
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tatively,  we  find  that  23  grams  of  sodium  replace  1  'gram  of 
hydrogen.    Therefore  the  combining  weight  of  sodium  is  23. 

141.  An  indirect  method  of  determining  the  combining 
weight.  The  question  might  easily  arise,  How  can  we  determine 
the  combining  weight  of  an  element  which  does  not  combine 
with  or  replace  hydrogen?  If  we  analyze  black  copper  oxide, 
we  find  that  31.8  grams  of  copper  are  combined  with  8.00  grams 
of  oxygen.  That  is,  the  combining  weight  of  oxygen  (8.00 
grams)  is  imited  to  31.8  grams  of  copper;  hence  we  feel 
sure  that  if  copper  and  hydrogen  did  imite,  31.8  grams  of 
copper  would  combine  with  1  gram  of  hydrogen.  The  com- 
bining weight  of  copper  is  therefore  31.8. 

In  general,  when  an  element  does  not  unite  with  or  replace 
hydrogen,  we  can  determine  its  combining,  or  reacting,  weight  by 
finding  what  weight  of  it  will  unite  with  the  known  combining 
weight  of  another  element. 

142.  Precise  determination  of  atomic  weights.  The  com- 
bining, or  reacting,  weight  of  an  element  can  be  determined 
in  the  laboratory  with  great  accuracy.  The  method  for  de- 
termining atomic  weights  which  has  already  been  described 
(§  139)  involves  finding  the  density  of  a  gas.  This  cannot  be 
done  with  exactness,  and  therefore  the  results  are  only  approxi- 
mate. To  find  the  precise  atomic  weight  we  determine  the 
combining,  or  reacting,  weight  with  great  care  and  then  multiply 
by  some  small  whole  number  which  will  make  the  result  agree 
with  the  approximate  value. 

Up  to  this  point  we  have  assumed  that  the  oxygen  atom  was 
exactly  16  times  as  heavy  as  the  hydrogen  atom.  Precise 
experiments  have  shown,  however,  that  oxygen  is  15.901  times 
as  heavy  as  hydrogen,  so  that  the  atomic  weight  of  oxygen,  on 
the  basis  that  hydrogen  is  1,  would  be  15.901.  For  many 
reasons  chemists  have  found  it  more  convenient  to  call  the 
atomic  weight  of  oxygen  exactly  16.00,  which  makes  the  atomic 
weight  of  hydrogen  1.008. 
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These  values  for  atomio  weights  are  thus,  obviously,  dependent 
on  the  iMreoise  ohemioal  analygia  of  oompounds.  Suah  experimental 
work  must  be  done  with  extreme  oare  and  extraordinary  precision. 
One  of  the  flrat  ohemiata  to  make  a  syatematio  study  of  atomio  weighta 
was  Berzelius.  His  methods 
have  been  greatly  improved  i 
upon  by  latfr  ohemiats,  and  to- 
day the  accepted  atomic  w^hta 
are  the  result  of  very  elabo- 
rate exp^iments.  TheodtireW. 
Richuds  (Fig,  84)  is  the  fore- 
moat  modern  chemist  in  this  I 
Md  of  inveatigation.  \ 

113.  Necessary  steps  in  ' 
an  atomic  weight  determi- 
nation. We  may  now  eum- 
marize  the  necessary  steps 
in  determining  the  atomic 
weight  of  an  element. 

First,  Find  the  approxi- 
mate atomic  wei^t.  To  do 
this,  (a)  determine  the  molec- 
ular weights  of  a  number 
of  gaseous  compomids  by 
finding  their  density ;  (b)  Fig.  84.  Theodoke  W.'  Richards 
determine  the  percentage  of  (1868-). 

the  element  in  each  of  these     ProteeaoT  at  chemistry  at  Harviird  Uni- 
,    ,  ,   „  veraity.     Awarded  Nobel  prize  in  1915 

compounds  by  carefully  ana-       for  bia  work  on  atomic  weights. 
lyzing  them ;   (c)  find  what 

part  of  the  molecular  weight  is  due  to  the  element  by  multi- 
plyii^  the  molecular  weight  of  the  compound  by  the  percentage 
of  the  element  in  it ;  (d)  note  the  smallest  weight  of  the  ele- 
ment viiiich  is  found  in  the  gram-molecular  weight  of  these 


Second,  Determine  very  accurately  the  combining  weight  of 
the  element  in  one  or  more  compounds, 
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Third,  Multiply  the  combining  weight  by  some  small  whole 
number  (1,  2,  or  3)  which  will  give  a  result  close  to  the  approxi- 
mate atomic  weight.  The  number  thus  obtained  will  be  the 
"precise  atomic  weight  , 

144.  Determining  the  formula  of  a  compound.  To  find 
the  precise  value  of  atomic  weights  requires  very  great  technical 
skill  and  patience.  For  us  the  main  thing  is  to  learn  to  use 
atomic  weights. 

One  very  important  use  of  atomic  weights  is  in  finding  the 
formula  of  a  compound.  We  shall  now  illustrate  this  by  de- 
termining the  formulas  of  water,  sulfuric  acid,  and  acetylene. 

Water.  We  find  that  its  x>ercentage  composition  is  as  follows: 
hydrogen  11.19  per  cent,  and  oxygen  88.81  percent.  By  exx>eriment 
we  also  find*  that  its  molecular  weight  is  approximately  18.  Then 
the  solution  is  as  follows : 


Percentage              Atomic 
composition             weight 

Atomic 
ratio 

Hydrogen 

.       .        11.19          -5-             1 

= 

11.2 

Oxygen     .     . 

.     .      88.81       -^        16 

= 

5.55 

Dividing  the  percentages  (by  weight)  by  the  atomic  weights  gives  as 
quotients  numbers  which  show  the  relative  number  of  each  kind  of 
atom.  If  we  assume  that  there  is  one  atom  of  oxygen  in  the  mole- 
cule, then  there  must  be  2  atoms  of  hydrogen.  In  other  words,  divide 
the  several  quotients  in  column  three  by  the  smallest  one  of  them. 
(That  is,  11.2-^5.55=2.)  Therefore  the  simplest  formula  for  water 
is  H2O.  This  gives  a  molecular  weight  of  2+16  or  18,  which  corre- 
sponds with  the  exi)erimental  value  given. 

Sulfuric  Acid.     Given  the  i)ercentage  composition :     hydrogen  2.04 
per  cent,  sulfur  32.65  per  cent,  and  oxygen  65.31  per  cent. 


Percenta|;e 
oompofation 

Atomic 
weight 

Atomic 
ratio 

Hydrogen     . 

.     .        2.04        H 

1 

= 

2.04 

Sulfur      .     . 

.     .      32.65        -i 

32 

^ 

1.0? 

Oxygen    .     . 

.     .      65.31         -i 

16 

^ 

4.08 

These  quotients  are  evidently  in  the  same  ratio  as  the  number  of  atoms  ^ 
of  each  element  in  the  molecule.     That  is,  there  are  2  atoms  of  hydro- 
gen (2.04-^1.02),  1  atom  of  sulfur  (1.02  -5-1.02),  and  4  atoms  of  oxygen 
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(4.08 -r  1.02);  and  the  simplest  formula  of  sulfuric  acid  is  H2SO4.  In 
this  case  the  molecular  weight  is  very  difficult  to  obtain,  and  so  we 
accept  the  simplest  formula. 

Acetylene.  Suppose  we  have  given  that  the  gram-molecular 
weight  of  acetylene  is  25.98,  that  it  contains  92.31  per  cent  carbon, 
and  that  the  rest  is  hydrogen.  To  find  the  formula  of  acetylene  the 
solution  may  be  arranged  thus : 


Percentage 
composition 

Atomic 
weight 

Atomic 
ratio 

Carbon    .     . 

.     .      92.3         -f- 

12 

= 

7.7 

Hydrogen     . 

.    •.        7.7        ^ 

1 

= 

7.7 

The  simplest  formula  would  be  CH,  but  then  the  molecular 
weight  of  CH  would  be  13.  Hence,  in  order  to  get  the  experi- 
mental value  25.98,  the  formula  must  be  dovbled.  Therefore 
the  formula  for  acetylene  is  C2H2. 


SUMMARY  OF  CHAPTER  Xm 

UNIFORM  BEHAVIOR  OF  ALL  GASES: 

The  yoliime  of  any  gas  varies  inversely  as  the  pressure  if  the 
temperature  remains  the  same  (Boyle's  Law) . 

The  volume  of  any  gas  varies  directly  as  the  absolute  tem- 
perature if  the  pressure  remains  the  same  (Law  of  Charles). 

The  volumes  of  gases  used  and  produced  in  a  chemical  change 
can  always  be  represented  by  the  ratio  of  small  whole  numbers 
(Law  of  Gay-Lussac). 

AVOGADRO'S  THEORY:  Equal  volumes  of  gases  under  the 
same  conditions  of  temperatiu'e  and  pressure  contain  the  same 
number  of  molecules. 

As  a  consequence  of  this  theory,  we  conclude  that  molecules  of 
hydrogen,  oxygen,  nitrogen,  and  chlorine  have  two  atoms  each. 

RELATIVE  VOLUMES  OF  GASES  are  represented  by  the 
coefficients  of  their  molecules  in  an  equation. 

MOLECULAR  WEIGHT  of  a  substance  is  the  number  which 
expresses  how  many  times  its  molecule  is  heavier  than  the  hydrogen 
atom. 
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Gram-molecular  weight  of  any  gas  occupies  a  volume  of  22.4 
liters. 

ATOMIC  WEIGHT  of  an  element  is  a  number  which  expresses 
the  relative  heaviness  of  its  atom.  Atomic  weight  of  oxygen, 
16,  is  taken  as  the  standard. 

Atomic  weight  of  an  element  is  determined  approximately, 
by  getting  the  number  representing  the  smallest  weight  of  the 
element  in  the  gram-molecular  weight  of  any  of  its  compounds. 

COMBINING,  OR  REACTING,  WEIGHT  of  an  element  is  the 
weight  of  that  element  in  grams  which  combines  with  or  replaces 
1  gram  (more  exactly  1.008  grams)  of  hydrogen. 

ATOMIC  WEIGHT  is  either  equal  to  or  a  multiple  of  the  com- 
bining weight, 

TO  FIND  THE  FORMULA  FROM  PERCENTAGE  COM- 
POSITION :  Divide  the  percentage  of  each  element  by  its  atomic 
weight ;  the  quotients  will  be  the  relative  number  of  each  kind  of 
atom.  Use  molecular  weight  to  find  what  multiple  of  the  simplest 
iormula  to  use. 

Problems 

1.  If  500  cc.  of  marsh  gas  under  standard  conditions  weighs  0.36 
grams,  what  is  the  molecular  weight  of  marsh  gas  ? 

2.  If  the  marsh  gas  in  Problem  1  is  composed  of  75%  carbon  and 
25%  hydrogen,  how  many  atoms  of  each  element  does  one  molecule 
of  the  compound  contain?  (Assume  the  atomic  weights  as  given  on 
the  back  cover.) 

3.  A  certain  gas  contains  30.4%  nitrogen  and  69.6%  oxygen. 
What  is  the  simplest  formula  which  could  be  used  to  express  its  com- 
position ? 

4.  The  analysis  of  a  substance  showed  carbon  80%  and  hydrogen 
20  %.     The  molecular  weight  was  found  to  be  30.     What  is  its  formula  ? 

6.  When  a  liquid  is  heated  to  150°  C,  it  is  found  that  185  oc.  of 
the  gas  formed  weighs  0.247  grams.  What  is  its  gram-molecular  weight  ? 

6.  The  quantitative  analysis,  of  the  liquid  used  in  Problem  5  showed 
hydrogen  13.0%,  oxygen  34.8%,  and  carbon  52.2%.  Calculate  its 
formula. 

7.  Given  the  formula  of  carbon  monoxide  as  CO ;  compute  its 
density  (grams  per  liter)  under  standard  conditions. 
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8.  When  marsh  gas  bums  the  equation  for  the  reaction  is  as 
foUows:  CH4  -f  2  O,  — >-  COj  -f  2  H2O 

(o)  Calculate  the  volume  of  oxygen  used  when  1000  cubic  feet 
of  this  gas  bums,  (h)  Calculate  the  volume  of  air  used  in  burning 
the  same  volume  of  gas.  (c)  Calculate  the  volume  of  carbon  dioxide 
formed. 

9.  The  analysis  of  a  certain  compound  showed :  hydrogen  0.84% ; 
carbon  10.05%;  and  chlorine  89.11%.  What  would  be  the  simplest 
formula  which  represents  this  composition? 

10.  To  determine  the  molecular  weight  of  the  compound  used  in 
Problem  9,  an  experiment  was  performed  which  showed  that  0.250  g.  of 
the  substance  gave  53.0  cc.  of  gas  when  collected  over  water  at  20°  C. 
and  740  mm.  Calculate  the  gram^molecular  weight  of  the  substance, 
and  revise  your  answer  in  Problem  9  accordingly. 

11.  The  analysis  of  ammonia  gas  shows  that  it  is  82.4%  nitrogen, 
and  the  remainder  is  hydrogen.  Compute  the  combining  weight 
of  nitrogen. 

12.  From  a  study  of  the  following  data  in  regard  to  nitrogen  com- 
pounds and  from  the  combining  weights  found  in  the  previous  problem, 
calculate  the  atomic  weight  of  nitrogen : 


NiTBOOSN  COICPOUNDB 

DENarrr  (grains  per  liter) 

PbbCbntof  Nitbogbn 

Ammonia 

Nitrous  oxide 

Nitric  oxide 

0.762 

1.97 

1.34 

82.4 
63.6 
46.7 

Topic  for  Fxtrther  Study 

The  exact  determination  of  atomic  weights.  The  modem  methods 
of  atomic  weight  determination  involve  many  experimental  precau- 
tions; the  fundamental  chemical  facts  are,  however,  very  simple. 
Considt  the  work  of  Morley  on  hydrogen  and  oxygen  (Smithsonian 
Contributions,  No.  980)  and  Richards  on  chlorine  and  silver  (Carnegie 
Publication  69). 


CHAPTER  XIV 
VALENCE  AND  NOMENCLATURE 

Why  valence  is  important  —  its  meaning  —  graphical 
representation  —  valence  of  common  elements  and  groups  — 
variations  in  valence  —  its  use  in  writing  formulas  —  rule  — 
replacement  reactions  —  relation  of  atomic  and  combining 
weights  to  valence. 

Naming  compoimds  —  bases  —  acids  —  salts. 

146.  Importance  of  valence.  A  knowledge  of  valences  and 
an  ability  to  use  them  are  of  great  help  in  the  study  of  chemistry. 
For  instance,  they  will  aid  us  in  writing  the  formulas  of  com- 
pounds :  if  we  know  the  valences  of  two  elements  we  can  pre- 
dict the  formula  of  their  compound  (if  they  combine),  even 
before  we  have  determined  its  composition  and  formula  experi- 
mentally. Likewise,  if  we  know  the  composition  of  one  com- 
pound of  two  elements,  we  can  predict  the  formulas  of  many 
other  compounds  involving  these  elements.  Thus,  knowing  the 
composition  of  thorium  oxide  to  be  Th02,  we  can  predict  that 
of  thorium  sulfate,  thorium  chloride,  thorium  nitrate,  etc. 

146.  What  do  we  mean  by  valence?  In  our  study  of 
compounds  we  have  noticed  that  the  various  elements  differ 
greatly  from  one  another  in  the  number  of  hydrogen  atoms 
with  which  they  will  combine.  This  fact  is  illustrated  in  these 
compounds : 

HCl  H2O  NHa  CH4 

hydrogen  water  ammonia  maiah 

chloride  gas 

Thus,  an  atom  of  chlorine  will  combine  with  but  one  hydrogen 
atom,  an  atom  of  oxygen  with  two,  an  atom  of  nitrogen  with 
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fhree,  and  an  atom  of  carbon  with  four.  We  call  this  property 
of  an  element  which  determines  the  number  of  hydrogen  atoms 
that  its  atom  can  hold  in  combination  or  can  replace  its  valence. 
In  other  words,  the  valence  of  chlorine  is  one,  of  oxygen  two, 
of  nitrogen  three,  and  of  carbon  four. 

147.  Graphical  representation.    The  valences  of  elements 

do  not  tell  us  anything  about  the  reasons  why  certain  elements 

unite  and  certain  others  do  not.     They  merely  tell  us  with  how 

many  hydrogen  atoms  elements  can  combine.     Furthermore 

we  do  not  know  in  what  way  the  elements  are  actually  joined 

to  one  another ;  but  our  rules  of  valence  tell  us  how  many  atoms 

will  be  united  in  a  given  compound.     We  can   picture  this 

graphically  by  supposing  that  each  atom  has  a  certain  number 

of  hooks,  or  bonds,  which  enable  it  to  join  to  some  other  atom 

or  atoms.     We  are  quite  certain,  of  course,  that  the  actual  way 

in  which  atoms  are  linked  is  different  from  that  represented 

by  rigid  hooks,  but  we  may  use  this  method  in  order  to  visualize 

the  conception  of  valence. 
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Fig.  85.    Diagram  representing  the  valence  of  atoms  by  hooks. 

The  accompanying  diagrams  (Fig.  85)  represent  such  an  imaginary 
linkage  of  the  atoms  in  hydrogen  chloride  and  water.  It  is  obvious 
that  if  elements  unite  with  one  atom  of  hydrogen  they  must  have 
only  one  bond,  or  hook;  their  valence  is  one.  Similarly,  elements 
which  combine  with  two,  three,  and  four  atoms  of  hydrogen  have  two, 
three,  and  four  bonds  respectively.  If  an  element  like  zinc,  which 
has  a  valence  of  two,  unites  with  chlorine,  which  has  a  valence  of  one, 
it  will  require  two  chlorine  atoms  to  link  up  with  the  two  bonds  of  a 
single  zinc  atom.     The  formula  will,  therefore,  be  ZnCla. 

148.  Valences  of  common  elements  and  groups.  We  may 
indicate  the  valence  oi  an  element  or  a  group  oi  ^<ei£iK"Ck^  V3 
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writing  slightly  above  and  to  the  right  of  the  symbol  a  small 
Roman  numeral,  thus:  ff,  C,  N™,  C^.  Because  hydrogen 
has  only  one  bond,  we  take  it  as  our  standard  of  valence. 

Using  this  system  for  indicating  the  valence  of  an  atom^  we 
show  in  the  following  table  the  valences  of  the  common  ele- 
ments and  of  some  common  groups  of  elements.  Certain 
groups  of  elements,  like  the  hydroxyl  (OH)  group  in  bases 
and  the  SO4  group  in  sulfuric  acid,  the  NO3  group  in  nitric 
acid  and  the  NH4  group  in  ammonium  compoimds,  remain 
intact  throughout  a  number  of  reactions.  Such  groups  of 
elements  act  very  much  like  a  single  element  and  are  called 
radicals.  Radicals  have  valences  just  as  do  elements.  Ele- 
ments or  groups  which  have  the  valence  of  one  are  called 
monovalent ;  if  they  have  a  valence  of  two,  divalent,  etc. 

Valences  op  Common  Elements  and  Radicals 


Monovalent 

Divalent 

Trtvalent 

Tetravalbnt 

H 

CI 

Na 

K 

Ag 

NH4 

OH 

NO, 

Ca 

Ba 

Mg 

Zn 

Hg 

Cu 

Fe 

Sn 

S 

0 

SO4 

COs 

Al 

Bi 

Sb 

Fe 

P 

N 

PO4 

• 

Sn 

C 

Si 

s 

Si04 

Pemtavalbnt 

N 

p 

A8 

Sb 

149.  Variable  valence.  It  will  be  noticed  in  the  above 
table  that  certain  elements  are  indicated  as  having  more 
than  one  valence.  Such  facts  complicate  the  general  rules 
of  valence.  Almost  all  elements  form  a  certain  number  of 
compounds  in  which    they  have   an   unusual  valence.      For 
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example,  the  valence  of    carbon  is    almost   without   excep- 
tion four,  as  in  carbon  dioxide   (CO2)    (oxygen  is   divalent 
and  there  are   two   oxygen   atoms).    But   in   carbon   mon- 
oxide (CO)  the  valence  is  two.    Such  exceptions  are  rare  and 
must  simply  be  learned  as  they  occur.    A  few  elements,  like 
iron,  form  two  series  of  compounds  in  which  the  element  has 
different  valences.    For  example,  we  have  a  number  of  com- 
pounds  of  iron  called  ferrous  compounds,  in  which  iron  has  a 
valence  of  two;  others  are  called  ferric  compounds,  in  which 
iron  has  a  valence  of  three.    Such  elements  are  said  to  have  a 
variable  valence. 

150.  Writing  formulas.  Let  us  now  see  how  we  can  apply 
the  information  in  the  valence  table  to  the  writing  of  formulas. 
We  shall  first  take  a  compound  of  aluminum  and  chlorine 
called  aluminum  chloride.  We  see.  from  the  above  table 
that  chlorine  has  a  valence  of  one  (CP)  and  aluminum  three 
(Al™) ;  therefore  the  formula  must  be  AI^Cls.  Let  us  take 
another  case :  the  compound  formed  by  neutralizing  calcium 
hydroxide  with  sulfuric  acid  is  called  calcium  sulfate.  The 
sulfate  radical  has  a  valence  of  two  (SO4),  calcium  also  has 
a  valence  of  two  (Ca") ;  therefore  the  formula  is  Ca"SOJ. 
The  two  bonds  of  calcium  are  joined  with  the  two  bonds  of  the 
sulfate  group. 

Sodium  sulfate,  made  by  neutraUzing  sodium  hydroxide  and 
sulfuric  acid,  has  the  formula  Na2S04  since  it  requires  two 
atoms  of  monovalent  sodium  to  hook  on  to  the  two  bonds  of  the 
sulfate  radical.  Aluminum  sulfate  has  the  formula  Al2"(S04)3. 
Since  the  valence  of  aluminum  is  three,  it  is  necessary  to  have 
two  aluminum  atoms  (a  total  of  six  bonds)  and  three  sulfate 
groups  (a  total  of  six  bonds)  linked  up  together  in  order  to 
satisfy  all  the  bonds  of  the  aluminum  and  of  the  SO4  radical 
in  this  compound.  We  must  remember  that  in  writing  formulds 
we  have  to  take  such  a  number  of  atoms  of  each  element  (or  of 
groups)  thai  all  the  bonds  of  both  elements  (or  groups)  wiU  be 
united. 
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In  writing  formulas  of  molecules  made  up  of  two  atoms  or 
radicals  of  unequal  valence  we  shall  find  the  following  Rule 
FOR  Valence  helpful : 

Valence  X  number  of  atoms  (or  radicals)  in  the  case  of  one 
element  (or  radical)  equals  valence  X  number  of  aUmis  (or 
radicals)  in  the  case  of  the  other. 

In  the  case  of  aluminum  sulfate  we  have  a  valence  of  three  and  two, 
and  we  can  satisfy  these  requirements  only  by  having  a  total  of  six 
bonds.  There  is  a  radical  in  phosphoric  acid  which  has  the  formula 
-PO'y  and  a  valence  of  three.  Sodium  phosphate  will,  therefore, 
have  the  formula  Na3P04  since  we  must  take  three  atoms  of  the  mono- 
valent sodium.  The  aluminum  compound  will,  however,  have  the 
formula  A1™P0^5*  since  aluminum  is  trivalent  and  so  is  the  phos- 
phate radical.  The  student  will  do  well  to  practice  writing  formulas 
for  a  great  variety  of  compounds  based  on  the  valences  of  the  elements 
and  radicals  given  in  the  tables. 

It  is  very  important  to  learn  the  valence  of  each  element  or 
radical  as  we  study  it,  and  always  to  use  it  in  writing  formulas. 
The  student  will  find  it  good  practice  to  check  up  every  formula 
that  he  writes  in  order  to  make  sure  that  the  total  valences  of 
the  two  halves  of  the  compound  balance.  It  is  not  necessary  to 
memorize  the  entire  table  of  valences,  provided  he  remembers 
the  formula  of  at  least  one  simple  compound  of  each  element. 
For  example,  suppose  he  wishes  the  valence  of  mercury.  Per- 
haps he  recalls  that  the  formula  of  the  red  oxide  of  mercury  is 
HgO"'.  Then,  since  the  valence  of  oxygen  is  two,  the  valence 
of  mercury  in  this  compound  is  also  two. 

161.  Replacement  reactions.  When  one  element  of  a  com- 
pound replaces  another,  the  number  of  atoms  of  the  elements 
concerned  must  be  such  that  the  valences  of  the  replacing 
element  must  equal  the  valences  of  the  element  replaced. 
Thus,  when  zinc  replaces  hydrogen  in  hydrochloric  acid,  each 
atom  of  zinc  replaces  two  atoms  of  hydrogen  since  the  valence 
of  zinc  is  two  and  the  valence  of  hydrogen  one : 

Zn  +  2  HCl  — ^  ZnCl2  +  Ha 
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When  aluminum  reacts  with  hydrochloric  acid,  three  atoms  of 
hydrogen  appear  for  every  atom  of  aluminum  since  the  valence 
of  the  metal  is  three : 

2  Al  +  6  HCl  — ^  2  AlCls  +  3  Hj 

This  use  of  the  rules  of  valence  will  be  found  helpful  in  writing 
replacement  reactions. 

In  Chapter  XIII  we  learned  that  the  atomic  weight  of  an 
element  was  either  identical  with  or  some  multiple  of  its  com- 
bining weight.  That  factor  by  which  we  multiply  the  com- 
bining weight  in  order  to  get  the  atomic  weight  is  the  valence. 
For  example,  the  combining  weight  of  zinc  is  32.7,  and  its  atomic 
weight  is  65.4.  The  valence  of  zinc  is  two.  Again,  the  com- 
bining weight  of  aluminum  is  9.03,  its  atomic  weight  is  27.1, 
and  its  valence  is  three.     In  other  words, 

,,  ,  atomic  weight 

Valence  = 


combining  weight 


162.  Naming  of  compounds.  The  chemist  writes  formulas, 
but  does  not  talk  formulas.  Hence  it  is  necessary  to  pay  close 
attention  to  the  method  of  naming  chemical  compounds,  for  a 
very  slight  change  in  the  name  of  a  compound  will  often  trans- 
form it  into  a  compound  of  quite  different  properties.  For 
example,  mercuric  chloride  (HgCU)  is  corrosive  sublimate, 
which  is  extremely  poisonous ;  but  mercurous  chloride  (HgCl) 
is  calomel,  which  is  a  common  medicine. 

In  naming  bases,  we  simply  prefix  the  name  of  the  metal  to 
the  word  hydroxide.  Thus  we  have  sodium  hydroxide  (NaOH), 
calcium  hydroxide  (Ca(0H)2),  and  aluminum  hydroxide 
(A1(0H)8). 

In  naming  acids,  we  must  distinguish  between  an  acid  con- 
sisting of  two  elements  (a  binary  acid)  and  an  acid  consisting 
of  three  elements  (a  ternary  acid).  In  the  binary  acid  we  have 
but  one  element  beside  the  hydrogen;  here  we  prefix  hydro- 
to  the  name  of  the  second  element  and  add  the  termination 
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-ic.  Thus  we  have  hydrochloric  acid  (HCl)  and  hydrosulfuric 
acid  (H2S).  The  large  majority  of  ternary  acids  contain  oxygen 
as  the  third  element.  It  often  happens  that  the  same  three 
elements  form  more  than  one  acid.  The  most  familiar  one  is 
named  from  the  characteristic  element  and  ends  in  the  suffix 
-ic ;  while  the  one  with  less  oxygen  has  a  similar  name,  but  the 
ending  is  the  suffix  -ous.  Thus  we  have  sulfuric  acid  (H2SO4) 
and  sulfurous  acid  (H2SO3) ;  also  nitric  acid  (HNO3)  and  nitrous 
acid  (HNO2).  The  ternary  acids  are  often  called  the  oxygen 
acids,  or  oxy-adds. 

In  naming  a  salt,  we  have  to  consider  very  carefully  the  acid 
from  which  it  has  been  derived.  If  the  acid  is  a  binary,  then 
the  salt  is  named  after  its  two  constituent  elements  with  the 
ending  -ide.  Thus  we  have  sodium  chloride  (NaCl),  zinc 
chloride  (ZnCy,  and  copper  sulfide  (CuS).  If  the  acid  is 
ternary  and  its  name  ends  in  -ic,  then  the  name  of  the  salt 
ends  in  -ate,  but  if  the  ternary  acid  ends  in  -ous,  then  the  name 
of  the  salt  ends  in  -ite.  This  will  be  made  clear  in  the  following 
examples : 


Name  of  Acm 

Formula 

Name  op  Salt 

Formula 

Hydrochloric       .     .     . 

Sulfuric 

Sulfurous 

Hydrosulfuric      .     .     . 

Nitric 

Nitrous 

HCl 

H2SO4 

H2SO8 

H2S 

HNOs 

HNO2 

Sodium  chloride   .     .     . 
Copper  sulfate      .     .     . 
Potassium  sulfite       .     . 
Zinc  sulfide      .... 
Potassium  nitrate     .     . 
Sodium  nitrite      .     .     . 

NaCl 

CUSO4 

K2SO, 

ZnS 

KNOs 

NaNOj 

SUMMARY  OF  CHAPTER  XIV 

THE  VALENCE  of  an  atom  is  the  number  of  hydrogen  atoms 
with  which  it  will  combine  or  which  it  will  replace.  This  may 
be  represented  by  supposing  that  each  atom  has  a  certain  number 
of  hooks,  or  bondSj  which  enable  it  to  join  some  other  atom  or 
atoms.    This  is  merely  a  mechanical  analogue. 
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A  RADICAL  is  a  group  of  elements  that  acts  like  a  single  ele- 
ment in  a  chemical  reaction. 

Some  elements  have  more  than  one  valence,  the  valence  being 
different  in  different  compounds. 

IN  WRITING  FORMULAS  of  binary  compounds  the  total  num- 
ber of  bonds  of  one  element  must  equal  the  total  number  of  bonds 
of  the  other  element. 

IN  REPLACEMENT  REACTIONS  the  number  of  atoms  which 
one  element  will  replace  of  another  can  be  predicted  from  the 
valences  of  the  two  elements.  The  total  number  of  bonds  of  the 
replacing  and  replaced  atoms  must  be  equal. 

VALENCE  =  5^55!iZ«^^ 

combming  weight 

ALL  BASES  contain  the  hydrozyl  (OH)  radical  and  are  called 
hydroxides. 

THE  NAME  of  a  binary  acid  has  the  prefix  hydro-  placed  before 
the  name  of  the  second  element  and  the  suffix  -ic  added.  The 
derived  salt  has  the  suffix  -ide. 

THE  NAME  of  a  ternary  acid  is  derived  from  its  most  charac- 
teristic element.  The  most  familiar  acid  ends  in  -ic  and  its  salt 
in  -ate.  The  acid  with  one  less  atom  of  oxygen  than  the  -ic  acid 
has  a  name  ending  in  -otis,  and  its  salts  end  in  -ite. 

Questions 

1.  Mark  the  valences  in  the  following  formulas : 

SOs;  CO;  PaOg;  PtCU;  KL 

2.  Correct  the  following  formulas : 

ZnNOa;  CaCU;  Cu(N08)4;  AgClj;  AlsOj. 

3.  Two  grams  of  a  tetravalent  metal  unite  with  0.54  grams  of 
oxygen.  Find  the  atomic  weight  of  the  metal  and  write  the  formula 
for  its  oxide. 

•4.  The  atomic  weight  of  a  certain  metal  is  52.  By  experiment 
it  is  f oimd  that  26  grams  of  this  metal  replace  1  gram  of  hydrogen  from 
hydrochloric  acid.  What  is  the  valence  of  the  metal  in  this  displace- 
ment? 

5.  The  formula  for  phosphoric  acid  is  HjPOi.    Wa»A»\^\Jaa  IwcKsia* 
for phospboroua  acid? 
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6.  Silver,  zinc,  aluminum,  and  tin  have  valences  of  1,  2,  3,  and 
4  respectively;  write  the  formulas  for  their  chlorides,  sulfates,  and 
phosphates,  assuming  that  the  salts  have  the  normal  composition. 

7.  What  is  the  difference  in  composition  between  potassium  chlo- 
rate and  potassium  chloride?  sodium  nitrate  and  sodium  nitrite? 
ferric  chloride  and  ferrous  chloride? 

8.  Complete  and  balance  the  following  equations : 

(a)  KOH       +HC1 

(6)  NaOH     +H2SO4 

(c)  Ca(OH)2+H2S04 

id)  Ba(OH)2+H3P04 

(e)  A1(0H)3  +H2SO4  — ^ + 

9.  Give  the  names  of  all  the  salts  formed  in  the  preceding  ques- 
tion. 

10.  Write  the  formulas  of  the  following  salts  and  indicate  the 
valence  of  each  element  or  radical :  magnesium  oxide,  aluminum  chlo- 
ride, potassium  nitrite,  silver  sulfate,  ammonium  chloride. 

11.  From  the  table  of  atomic  weights  and  of  valences,  compute 
the  combining  or  reacting  weights  of  the  following  metals ;  zinc,  mag- 
nesium, silver,  aluminum,  and  potassium. 

12.  Examine  the  formulas  under  (a)  and  write  the  formulas  under 
(6): 

(a)  SnS2,  H3PO4,  TI2O,  CrCls,  H2S,  Ga(N03)2,  AIPO4. 
(6)  Tin  chloride,  thalliimi  nitrate,  chromiimi  oxide,  calcium  phos- 
phate, aluminum  sulfide. 

13.  Given  the  valence  of  B  as  two,  derive  the  probable  valences  of 
A,  C,  and  D  from  the  following  formulas : 

A2BS,  B2C,  B6D2.  What  would  be  the  formula  of  a  compound  of  A 
withC? 


CHAPTER  XV 
SOLUTIONS 

Solvents  —  saturated  solutions  —  crystallization  —  super- 
saturation  —  importance  of  solutions  —  osmotic  pressure  — 
boiling  points  and  freezing  points  of  solutions  —  solution  of 
gases  in  liquids  —  the  nature  of  solutions  —  suspensions  and 
emulsions  —  colloidal   solutions  —  applications   of  colloids. 

163.  Solvents.  We  have  seen  in  Chapter  VI  that  water  is 
a  very  good  solvent  for  many  substances.  This  is  particularly 
true  for  the  compounds  known  as  acids,  bases,  and  salts.  There 
are  several  other  liquids  besides  water  which  have  consider- 
able solvent  power.  Alcohol,  for  example,  will  dissolve  a 
number  of  substances,  such  as  shellac,  which  are  not  soluble 
in  water.  Some  substances,  like  fats,  waxes,  and  gums,  are 
insoluble  in  water  but  soluble  in  certain  organic  compounds, 
such  as  ether,  carbon  tetrachloride,  carbon  disulfide,  and 
gasolene.  For  this  reason,  when  we  wish  to  make  a  solution 
of  a  particular  substance,  we  must  try  by  experiment  to  find 
the  solvent  which  is  most  suitable.  This  fact  is  taken  ad- 
vantage of  in  removing  spots  from  clothing.  If  the  spot  is 
salt  or  sugar  we  use  water  to  remove  it.  If  it  is  a  grease  spot, 
however,  we  use  gasolene  or  some  similar  substance.  To  re- 
move paint  from  clothing  we  must  use  turpentine  or  ether, 
since  these  are  about  the  only  solvents  which  will  dissolve  the 
oily  material  used  in  paint. 

164.  Saturated  solutions.  There  is  a  certain  Umit  to  the 
amoimt  of  material  which  a  solvent  will  dissolve.  This  limit 
varies  greatly  with  the  nature  of  the  material  to  be  dissolved 
and  the  nature  of  the  solvent.    Thus,  100  grams  of  water  at 
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20"  C.  will  dissolve  34  grams  of  potassium  chloride  and  only 
7  grams  of  potassium  chlorate.  When  a  solution  contains  a 
targe  quantity  of  the  material,  it  is  said  to  be  concentrated; 
^en  only  a  small  quantity,  it  is  dilute ;  when  it  contains  all 
the  dissolved  substance  that  it  possibly  can  take  up  at  a  specified 
temperature,  it  is  said  to  be  saturated.  We  call  the  maximum 
amount  of  solid 
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which  can  be  dis- 
solved in  100 
grams  of  solvent 
the  solubility  of 
the  substance. 
This  amount 
usually  varies 
with  the  temper- 
ature. Solubility 
curves  (Fig.  86) 
may  be  drawn 
by  plotting  tem- 
peratures hori- 
zontally and  the 
number  of  grams 
dissolved  in  100  grama  of  water  vertically.  In  nearly  all  cases 
as  the  temperature  is  raised  more  material  can  be  dissolved. 
For  example,  100  grams  of  water  will  dissolve  13  grams 
of  potassium  nitrate  (KNOa)  at  0°  C,  26  grams  at  15°  C, 
169  grams  at  80°  C. ;  on  the  other  hand,  the  solubility  of  sodium 
chloride  is  more  constant :  36gramsat  15°C.and38gramsat80° 
C.  This  difference  in  solubility  is  strikingly  illustrated  in  figure 
87.  A  few  substances,  such  as  calcium  hydroxide  (Ca(OH)O.- 
become  less  soluble  as  the  temperature  increases.  When  the 
maximum  amount  of  a  substance  that  can  be  dissolved  is  very 
small,  we  say  that  the  substance  is  insoluble.  Strictly  speak- 
ing, however,  no  material  is  absolutely  insoluble.  For  example, 
a  saturated  solution  of  powdered  marble  in  water  contains 
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0.00013  grams  in  100  grams  of  water,  although  we  say  that 
marble  is  insoluble  in  water. 

166.  Crystallization.  The  material  which  is  dissolved  in 
a  solution  is  uniformly  distributed  throughout  the  whole  solu- 
tion and  is  homogeneous  to  the  eye.  It  will  not  separate  out 
even  on  long  standing.  These*  are  the  essential  diflferenees 
between  a  mechanical  mixture  like  sand  and  water  and  a  true 
solution  like  sugar  or  salt  in  water.  If  some  of  the  solvent  is 
removed  by  evaporation  from  a  saturated  solutipn,  the  dis- 
solved material  will  separate  out  in  the  form  of  crystals.  An  ex- 
ample of  this  was  given  in  section  125,  where  the  water  evapo- 
rated leaving  salt  in  the  form  of  little  cubes.    Another  way  of 
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Fig.  87.    Relative  solubiUty  of  salt  and  saltpeter  in  cold  and  hot  water. 

obtaining  a  crystalline  solid  from  a  solution  is  to  make  a  satu- 
rated solution  of  the  substance  at  a  high  temperature  and  then 
allow  it  to  cool.  If  the  solubility  of  the  material  is  much  less 
at  the  lower  temperature,  a  corresponding  amount  of  soUd 
will  separate  in  the  form  of  crystals.  The  separation  of  a  soUd 
from  a  solution  in  these  ways  is  called  crystallization. 

Crystals  can  be  classified  into  a  small  number  of  classes 
according  to  their  geometrical  form  (see  Appendix).  Examples 
of  some  common  minerals  which  occur  as  crystals  are  shown 
in  figure  88.  The  crystalline  forms  of  substances  should 
be  observed  closely,  for  they  often  help  to  identify  the 
substances. 

Some  soUds  take  water  with  them  when  they  separate  from 
a  solution.  This  water  seems  to  be  only  loosely  bowsid  tf^  ^^ 
jiest  of  the  molecule  but  to  be  definite  in  ataoMTiX,.   ^^  ^^^ 
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it  water  of  crystallization  and  indicate  it  thus  in  the  fonnula : 
CuS04«5H20  (copper  sulfate).  Such  salts  are  often  called 
hydrates,  and  the  same  salt  without  its  water  of  crystallization 
is  said  to  be  dehydrated.  For  example,  crystallized  copper 
sulfate  is  blue,  but  dehydrated  copper  sulfate  is  white.  The 
water  of  crystallization  can  usually  be  driven  off  simply  by 
heating  the  substance ;  in  a  few  cases  it  is  so  loosely  held  that 
it  is  lost  even  at  room  temperature.  This  last  process  is  called 
efflorescence. 

156.  Supersaturation.  Sometimes  when  we  cool  a  hot, 
clear,  saturated  solution  to  room  temperature,  no  crystals 
appear  even  though  the  solution  now  contains 
much  more  material  than  could  be  taken  up 
by  the  solvent  at  this  temperature.  Such  a 
solution  is  said  to  be  supersaturated.  Crystals 
will  usually  appear  in  it  if  it  is  allowed  to 
stand,  or  if  it  is  shaken  or  violently  stirred. 
The  addition  of  a  very  small  crystal  of  the 
substance  concerned  will  always  bring  about 
crystallization  at  once. 

We  may  demonstrate  this  by  preparing  a  hot 
saturated  solution  of  sodium  sulfate  in  a  flask.  We 
stopper  the  flask  with  cotton  batting  to  keep  out  the 
dust  and  allow  it  to  cool  without  moving  the  flask,  pj-  3^  Crystalli- 
When  it  is  cold,  we  suspend  in  the  solution  a  small  zation  of  a  su- 
crystal  of  sodium  sulfate  and  note  the  rapid  forma-  per  saturated 
tion  of  the  crystals  (Fig.  89). 


solution. 


167.  Importance  of  solutions.  Not  only  are  solutions  very 
important  to  the  chemist,  but  they  are  vitally  important  to  all 
living  things.  Our  food  must  be  dissolved  in  the  course  of  di- 
gestion in  order  to  pass  into  the  blood  and  so  be  transformed 
into  muscle  and  bone.  Plants  take  in  the  nitrogen-containing 
substances  and  mineral  matter  which  are  in  the  soil  only  when 
they  are  in  the  form  of  solutions.  These  enter  the  roots  and 
are  conveyed  as  sap  to  the  growing  parts  of  the  plants. 
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There  are  many  places  in  our  great  West,  formerly  deserts, 
which  have  become  fertile  simply  through  irrigation.  The  addi- 
tion of  water  to  the  land  dissolved  the  food  materials  which  were 
already  in  the  soil  and  so  made  them  available  as  plant  food. 
Figure  90  shows  a  field  before  and  after  irrigation.  No  part 
of  the  soil  can  act  aa  plant  food  unless  it  is  first  dissolved. 


The  question  may  be  asked,  How  about  "dry  farmine;"?  In 
some  arid  regions  it  has  been  found  feasible  to  prevent  the  evaporation 
of  the  limited  amount  of  moisture  by  deep  plowing  and  by  thoroi^h 
and  constant  surfaoe  cultivation  of  the  soil.  After  a  time  enough 
moisture  may  be  retained  to  grow  a  crop.  In  certain  cases  the  rain- 
fall is  so  small  that  a  crop  can  be  grown  only  once  in  two  years.  Dry 
farming  is  simply  a  system  of  conserving  the  moisture  so  that  the 
plants  may  have  the  amount  of  water  they  need  to  dissolve  their  food. 


168.  Osmotic  pressure.  The  question  sometimes  comes  up, 
Why  does  the  sap  rise  in  a  tree?  To  explain  this  let  us  study 
very  briefly  the  peculiar  behavior  of  solutions. 

By  way  of  illustration  we  may  perform  the  following  experiment.    We 
wt  paper  over  a  small  glass  tuaiui\wL&'m&^'^[MV:>mVMi^^> 
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with  sealing  wax ;  then  we  fill  the  funnel  with  a  solution  o!  sugar  and 
atliioh  a  long  glass  tube  to  the  stem  by  rubber  tubing.  We  place  the 
(lumel  in  a  beaker  of  diatiUed  water,  as  shown  in  figure  91.  The  8oIu- 
tion  rises  in  the  lube  because  of  the  passing  of  the  water  through  the  pareh- 
inent.  After  several  days  the  solution  in 
the  tube  will  have  reached  a  considerable 
lieight. 


Certain  thin  films  of  vegetable'  and 
animal  material  tend  to  allow  water, 
but  not  dissolved  substances,  to  pass 
tbrou^  them.  These  are  called  semi- 
peimeable  membranes.  They  can  also 
be  prepared  artificially  by  precipitat- 
ing certain  substances  into  the  pores  of 
an  eartiienware  vessel.  Water  passes 
throu^  the  membrane  into  the  inside 
vessel,  and  a  pressure  is  exerted  which 
corresponds  to  the  height  of  the  water 
column.  The  passage  of  water  throu^ 
a  membrane  from  a  dilute  to  a  con- 
centrated solution  is  called  osmosis, 
and  the  pressure  in  the  inside  vessel 
is  called  osmotic  pressure.  All  solu- 
tions exert  an  osmotic  pressure  if  they 
are  separated  by  a  semi-permeable  The 
membrane  from  pure  water  or  a  more  ?"***  through  the  mem- 
'^  brane    and    dilutes    the 

dilute  solution.      Water  passes  tn  such       sugar  solution;  the  vol- 
a  direction  as  to  cause  the  more  concm-       "V"*  .*^^<^  inereased.  it 

,       ,      .  ,  , .,  naes  in  the  tube. 

tratea  solution  to  become  more  a/iluie. 

Osmosis  appears  to  be  an  explanation  of  the  action  of  the 
roots  of  plants.  The  water  or  dilute  solution  which  is  taken 
in  by  the  cells  at  the  root  tip  is  passed  from  cell  to  cell  farther 
into  the  root  by  osmosis  and  finally  reaches  the  tubes  or  pores, 
throu^  which  it  is  carried  into  the  stems  and  leaves.  This 
process  continues  as  long  as  the  cell  sap  is  a  more  coace'o.Utt^f^ 
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solution  than  the  soil  water.  Likewise  the  food  we  eat  is 
changed  into  liquid  form,  passes  into  the  blood  by  osmosis,  and 
is  carried  throughout  the  body. 

169.  Boiling  point  and  freezing  point  of  solutions.  Under 
ordinary  conditions  pure  water  freezes  at  0°  C.  and  boils  at 
100°  C.  The  addition  of  any  soluble  solid  lowers  the  freezing 
point  and  raises  the  boiling  point.  This  lowering  of  the  freezing 
point  is  made  use  of  in  several  ways.  For  example,  the  brine 
which  is  used  in  refrigeration  plants  is  a  solution  of  calcium 
chloride  in  water.  It  freezes  at  a  much  lower  temperature 
than  water  and  therefore  conducts  heat  away  Irovct  the  water 
which  is  to  be  frozen.  Again,  if  we  make  a  mixture  of  ice  and 
salt,  some  of  the  melting  ice  forms  a  saturated  solution  of  salt. 
A  saturated  solution  of  salt  freezes  at  —21°  C,  and  hence  a 
mixture  of  ice,  soUd  salt,  and  a  solution  of  salt  can  stay  to- 
gether permanently  only  at  this  temperature.  The  result  is 
that  more  ice  will  continue  melting,  thus  absorbing  heat 
until  the  temperature  is  lowered  to  —21°  C.  A  mixture 
of  this  kind  is  called  a  freezing  mixture  and  is  used  for  such 
purposes  as  making  ice-cream.  Since  salt  water  (the  sea) 
freezes  at  a  considerably  lower  temperature  than  pure  water,' 
it  is  only  in  extreme  climates  that  harbors  and  bays,  freeze 
over. 

160.  Quantitative  observations.  If  we  dissolve  in  1000 
grams  of  water  one  gram-molecular  weight  of  alcohol  (C2H6OH), 
which  is  46  grams,  and  in  another  liter  of  water  a  gram-molec- 
ular weight  of  glycerine  (C3H6(OH)3),  which  is  92  grams,  we 
find  that  both  solutions  freeze  at  the  same  temperature,  namely 
- 1.86°  C.  We  find  further  that  both  solutions  boil  at  100.52°  C. 
In  other  words,  a  gram-molecule  of  any  dissolved  substance 
lowers  the  freezing  point  of  a  given  weight  of  water  by  a  constant 
amounty  and  raises  the  boiling  point  a  constant  amount.  These 
experiments  indicate  that  it  is  not  the  total  weight  of  material 
dissolved  in  a  given  weight  of  water  that  determines  the  freez- 
ing and  the  boiling  points,  but  rather  the  number  of  molecules 
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in  solution.    This  fact  has  furnished  another  method  of  deter- 
mining the  molecular  weights  of  many  solids  and  liquids ;  but 
we  need  not  describe  its  details  here. 
161.   Solution  of  gases  in  liquids.    Thus  far  we  have  been 

considering  the  solution  of  soUds  in  liquids ;  but  we  shall  often 

have  to  consider  the  solubility  of  gases  in  liquids.     It  will 

help  us  to  remember  the  main  facts  about  the 

common  gases  if  we  divide  them  into  three 

groups: 

1.  Very  soluble :  ammonia;  hydrogen  chlo- 
ride, and  sulfur  dioxide. 

2.  Fairly  soluble :  hydrogen  sulfide,  chlo- 
rine, and  carbon  dioxide. 

3.  Slightly    soluble:     oxygen,    hydrogen, 
nitrogen,  and  the  inert  gases. 

It  has  been  found  that  an  increase  of  pres-  ^^'  ^?'.  bubbles  of 

...  air  in  water. 

sure  always  increases  the  quantity  of  gas  going 

into  solution,  and  that  the  increase  is  directly  proportional  to 

the  pressure.     This  is  called  the  Law  of  Henry,  and  was 

formulated  in   1803.     We  have  already  noted  one  practical 

apphcation  of  it  in  the   manufacture  of   carbonated  water 

(§65). 

If  we  slowly  heat  a  beaker  containing  cold  water,  small  bubbles 
of  air  will  be  seen  to  collect  in  great  numbers  upon  the  walls  (Fig.  92) 
and  to  rise  through  the  liquid  to  the  surface.  It  might  seem  at  first 
that  these  are  bubbles  of  steam;  but  they  must  be  bubbles  of  air, 
(1)  because  they  are  formed  at  a  temperature  below  the  boiling  point 
of  water,  and  (2)  because  they  do  not  condense  as  they  come  to  the 
cooler  layers  of  water  above. 

This  simple  experiment  shows  that  ordinary  water  contains 
dissolved  air,  and  that  the  amount  of  air  which  water  can  hold 
decreases  as  the  temperature  rises.  The  solvbility  of  gases 
diminishes  with  rising  temperature.  It  is  the  oxy^eiL  of  tk^  ^vt 
thatJs  dissolved  in  water  which  supports  tVie  Aife  ol  ^^- 
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162.  The  nature  trf  solutions.  The  facts  about  solutions 
iniiich  we  have  been  considering  have  led  investigators  to  be- 
lieve that  solutions  are  in  very  much  the  same  condition  as 
That  is,  we  think  of  the  molecules  of  a  dissolved  sub- 
stance as  flying  around 
among  the  molecules  of  the 
solvent,  much  as  the  mole- 
cules of  a  gas  fly  about,  ac- 
cording to  the  kinetic 
theoiy.  If  this  conception 
of  solutions  is  correct,  when 
a  substance  dissolves  in 
water  it  is  really  separated 
into  individual  molecules 
just  as  if  it  were  vaporized.  ■ 
We  can  thus  understand 
why  the  determining  factor 
in  the  raisii^  of  the  boiling 
point  and  the  lowerit^^  of 
the  freezing  point  is  the 
relative  number  of  dis- 
solved molecules.  We  can 
further  picture  osmotic 
pressure  as  being  due  to 
the  bombardment  of  the 
semi-permeable  membrane 
by  the  molecules  of  the 
pass  through  it. 

If  ve  place  a  cuystal  of  some  colored  substance,  like  copper  sulfate 
(CuSOt)  or  potassium  permanganate  (EMnO^),  at  the  bottom  of  a 
tall  cylinder  of  water,  we  see  the  color  of  the  material  being  rapidly 
distributed  throughout  the  whole  solution.  This  diffusion  in  a  liquid  is 
similar  to  the  way  in  which  one  gas  diffuses  in  the  presence  of  another  gas. 
We  have  already  seen  (|  49)  a  few  drops  of  bromine  (a  red  liquid) 
poured  into  a  tall  jar  of  air  diffuse  upward  through  the  jar.  This  is 
»  aase  of  diffusion  of  gases. 


Fio.  93.    Jacobus  Hbndbicds  van't 

Hopp  (1852-1911). 
Applied    the     gaa    laws    to    solutions ; 

founder    of    the    modern    theory    of 

Bolutiooa. 

dissolved  substance  which  cannot 
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These  experiments  suggest,  as  we  have  said,  that  the  structure 
of  solutions  may  be  very  much  like  that  of  gases.  Along  these 
lines  there  has  been  developed  in  the  last  25  years  what  is 
practically  a  kinetic  theory  of  solutions.  If  the  parallel  between 
gases  and  solutions  is  correct,  then  osmotic  pressure  should  be 
very  much  like  gas  pressure.  It  has  been  found  that  the 
osmotic  pressure  of  very  dilute  solutions  follows  the  Laws  of 
Boyle  and  Charles.  This  most  striking  evidence  for  the  ki- 
netic theory  of  solutions  was  worked  out  by  the  Dutch  chemist, 
van't  Hoflf  (Fig.  93).  The  theory  seems  to  apply  best  to  jdilute 
solutions ;  with  concentrated  solutions  it  is  not  so  satisfactory. 
It  is  probable  that  in  both  dilute  and  concentrated  solutions 
there  is  some  chemical  combination  between  the  dissolved  sub- 
stance and  the  solvent,  such  as  there  is  known  to  be  in  the  case 
of  ammonia  and  water.  If  this  is  true,  the  particles  which  we 
imagine  are  moving  around  in  the  solution  are  not  particles  of 
the  dissolved  substances  alone,  but  are 
particles  of  the  dissolved  substance  com- 
bined with  one  or  more  molecules  of  the 
solvent.  Some  such  picture  as  this  repre-  | 
sents  our  present  knowledge  of  solutions.  ^ 

163.  Suspensions  and  emulsions.  If 
we  take  some  very  finely  powdered  sub- 
stance, such  as  flour,  and  stir  it  up  with 
water,  we  obtain  an  apparently  uniform 
mixture.  On  standing,  the  solid  wiU 
slowly  settle,  and  the  mixture  will  thus 
gradually  separate  into  solid  and  hquid. 
Such  mixtures  are  called  suspen-  ^^k-  94-  immiscible  Uquids. 
sions.    Muddy  water  is  a  common  example  of  a  suspension. 

Many  liquids  will  dissolve  in  one  another  in  all  proportions ; 
for  example,  alcohol  and  water.  These  substances  are  said 
to  be  miscible  in  all  proportions.  If  we  mix  water  and  carbon 
disulfide  (CS2),  we  very  soon  notice  a  sharp  line  of  separation 
between  these  two  immiscible  liquids  (Fig.  94).    Soi^oa  \ks^d&^ 
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such  as  phenol  (CeHbOH)  and  water,  have  a  Umited  solubility 
in  each  other,  the  solubility  depending  on  the  temperature. 

If  oil  and  water,  two  immiscible  liquids,  are  violently  shaken 
up  together,  small  globules  of  the  one  may  remain  suspended  in 
the  other  for  a  long  time.  This  is  a  mechanical  mixture  like  a 
suspension,  and  is  called  an  emulsion.  Salad  dressing  is  such  an 
emulsion ;  we  make  it  by  shaking  up  ohve  oil  and  vinegar  to- 
gether. After  long  standing  emulsions 
will  separate  into  the  two  liquids. 

The  difference  between  solutions  on 
the  one  hand  and  suspensions  and 
emulsions  on  the  other  is  probably  due 
to  the  size  of  the  particles.  In  a  solu- 
tion we  have  molecules  distributed 
throughout  the  liquid  which  are  very 
small  and  move  about  rapidly.  In 
suspensions  and  emulsions  the  parti- 
cles are  many  thousand  times  lai^r 
than  molecules  and  can  be  seen  with 
Fig.M.  AheunofUghtBtita-  a  microscope, 
ing  ttaroueb  a  colloidal  loiu-  164.  Colloidal  scdutiODS.  Between 
""^     """^  '  the  true  solutions  and  the  suspensions 

and  merging  into  both  we  have  what  is  known  as  colloidal  so- 
lutions, or  colloids.  Colloidal  solutions  usuaUy  look  perfectly 
clear  to  the  naked  eye,  but  when  a  beam  of  hght  is  thrown 
throi^  them  they  can  be  seen  to  be  not  entirely  homogeneous. 

If  we  put  some  starch  into  cold  wa,ter  we  find  that  it  is  not  soluble, 
but  forma  a  suspension.  But  if  we  boil  it  in  water  the  grains  of  staroh 
swell  and  break,  aod  the  staroh  becomes  finely  diffused  throughout 
the  water.  Thia  clear  liquid  is  a  colloidal  solution.  When  the  liquid 
is  poured  through  a  filter  paper,  almost  all  the  starck  goeM  through  the 
paper:     On  cooling,  the  liquid  becomea  a  clear,  stiff  jelly. 

If  we  pass  a  beam  of  light  through  a  solution  of  common  salt,  ve 
see  no  distinct  path  because  the  molecules  are  too  small  to  reflect 
light.  But  if  we  pass  a  beam  of  light  through  the  clear  ooUoid&l  solu- 
tion of  starch  we  see  the  bright  path  (Fig.  95). 
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The  size  of  the  particles  of  the  dissolved  substance  in  a 
colloidal  solution  lies  between  the  size  of  those  in  a  true  solu- 
tion and  those  in  a  suspension.  They  are  so  small  that  they 
can  move  with  some  freedom,  and  they  never  settle  out  as  do 
suspensions.  On  the  other  hand,  they  probably  do  not  move 
around  as  freely  or  as  rapidly  as  dissolved  molecules  because 
they  are  so  much  larger.  Colloidal  solutions  exert  a  very  small 
osmotic  pressure  and  have  almost  the  same  freezing  and  boiling 
points  as  the  pure  solvents.  This  shows  that  the  dissolved 
particles  are  very  large. 

166.  Applications  of  colloids.  The  importance  of  the  study 
of  colloids  in  chemistry  can  be  estimated  when  we  realize  that 
a  very  large  part  of  living  matter  is  made  up  of  colloidal  sub- 
stances. The  cells  of  plants  and  of 
animals ;  part  of  the  blood ;  the  sap 
of  trees  like  rubber;  much  of  our 
food,  the  proteids  for  instance  — 
these  are  typical  examples  of  col- 
loids. They  are  furthermore  of 
great  importance  in  the  industries : 
the  process  of  tanning  leather  and 
of  dyeing,  the  making  of  artificial 
silk  and  of  glass  involve  a  knowledge 
of  colloids. 

Glue  -and  gelatin  well  illustrate  some  of  the  properties  of 
colloids.  Colloidal  solutions  of  a  number  of  such  simple  sub- 
stances can  be  prepared.  Some  of  these,  like  glue,  are  very 
stable  and  can  be  preserved  for  a  long  time ;  others  are  unstable 
and  on  being  treated  with  *smaH  amounts  of  certain  substances^ 
or  on  being  heated  precipitate  the  colloidal  material.  This 
process  is  often  spoken  of  as  coagulation.  For  example,  the 
colloidal  material  in  milk  —  casein  —  can  be  rapidly  coagulated 
at  50^  C.  by  the  addition  of  a  little  acetic  acid  (Fig.  96)-.  This 
same  change  takes  place  slowly  in  the  preparation  of  junket 
with  the  aid  of  rennet  and  in  making  cheese. 


Fig.  96.  Coagulation  of  casein 
in  milk  through  the  addition 
of  acetic  acid. 


164  SOLUTIONS 

Some  colloidal  solutions  on  cooling  or  on  evaporation  turn 
into  jelly-like  materials  which  are  called  gels.  The  most  familiar 
example  is  gelatin,  a  5  per  cent  solution  of  which  turns  into  a 
gel  at  18°  C.  Gels  go  back  into  colloidal  solutions  if  we  warm 
them  or  add  more  water.  They  all  contain  a  great  deal  of 
the  solvent  although  they  are  very  rigid  solids.  For  this 
reason  a  relatively  small  weight  of  a  dry  substance  like  gelatin 
will  in  solution  produce  a  large  amoimt  of  gel.  All  the  fruit 
jellies  which  are  made  directly  from  the  fruit  are  gels ;  a  colloidal 
substance,  pectin,  which  is  present  in  the  fruit,  causes  the  gel 
to  form.  Solid  alcohol  is  a  gel  formed  by  dissolving  a  colloidal 
substance  (stearic  acid)  in  denatured  alcohol. 

SUMMARY  OF  CHAPTER  XV 

WATER  is  the  common  solvent  for  acids,  bases,  and  salts. 
Many  substances  which  are  insoluble  in  water  will  dissolve  in 
alcohol,  ether,  carbon  tetrachloride,  or  gasolene. 

A  SATURATED  SOLUTION  is  one  which  contains  in  solu- 
tion all  of  a  given  substance  which  it  can  acquire.  A  saturated  so- 
lution on  cooling  sometimes  becomes  supersaturated. 

SOLUBILITY  is  expressed  as  the  number  of  grams  of  a  sub- 
stance that  will  dissolve  in  100  grams  of  the  solvent.  This  changes 
with  the  temperature^  usually  increasing  rapidly  with  an  increase 
of  temperature. 

CRYSTALLINE  SOLIDS  separate  from  solutions  on  evapora- 
tion, or  when  a  saturated  solution  is  cooled. 

WATER  OF  CRYSTALLIZATION  is  the  definite  amount  of 
water  with  which  some  substances  rather  loosely  combine  when 
they  separate  from  a  solution  as  crystals. 

AN  EFFLORESCENT  substance  loses  its  water  of  crystalli- 
zation at  room  temperature. 

OSMOSIS  is  the  process  by  which  water  passes  through  a 
semipermeable  membrane  which  holds  back  dissolved  substances. 

Dissolving  a  substance  in  a  solvent  lowers  the  freezing  point 
and  raises  the  boiling  point  in  proportion  to  the  number  of  mole' 
cules  present 
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SOLUTIONS  are  believed  to  have  a  structure  much  like  gases. 
The  molecules  of  the  dissolved  substance  fly  about  among  the 
solvent  molecules. 

SUSPENSIONS  AND  EMULSIONS  are  mechanical  mixtures 
of  solids  and  liquids,  and  of  liquids  and  liquids,  respectively. 

COLLOIDAL  SOLUTIONS  contain  particles  between  the  size 
of  molecules  and  those  in  Suspension.  Colloidal  solutions  look 
clear,  but  a  beam  of  light  shows  that  they  are  not  homogeneous. 

Questions 

1.  Define  and  illustrate  the  meaning  of  these  terms:  solvent, 
insoluble,  saturated,  dilute  soltUion,  supersaturated  solutioni,  colloidal 
solution,  suspension,  sinA  emulsion, 

2.  Compare  the  freezing  point  of  Great  Salt  Lake  and  of  Lake 
Erie. 

8.  What  two  tests  could  you  apply  to  a  solution  to  show  that  it 
was  colloidal? 

4.  How  would  you  determine  whether  a  given  solution  is  unsatu- 
rated, saturated,  or  supersaturated  ? 

5.  Crystals  of  washing  soda  become  covered  with  a  coating  of 
white  powder.     Have  they  gained  or  lost  weight?     Explain. 

6.  What  other  substances  besides  salt  oould  be  used  with  the  ice 
in  an  ice-cream  freezer  ? 

7.  Why  is  a  solution  not  considered  a  chemical  compound  ? 

8.  Why  does  stirring  or  shaking  make  a  solid  dissolve  more  rapidly 
in  a  liquid? 

9.  How  do  you  explain  the  foam  on  ginger  ale  after  it  is  oi>ened 
and  poured  into  a  glass? 

10.  What  is  the  difference  between  the  action  of  hydrochloric  acid 
on  zinc  and  the  action  of  water  on  sugar? 

11.  The  white  of  a  raw  egg  is  a  colloidal  solution.     How  could  you 
ooagulate  it? 

Topic  for  Further  Study 

Colloids.  What  common  household  substances  are  colloidal  gels? 
How  can  they  be  liquefied?  What  happens  when  milk  stands  for 
some  time?  Why  doesn't  the  same  thing  happen  to  a  gelatin  solu- 
tion?    {Findlaifs  Chemistry  in  the  Service  of  Man.) 


CHAPTER  XVI 
THE  THEORY  OF  IONS 

Electrolytes  and  noneleotrolytea  —  abnormal  behavior 
of  electrolytes  — ■  ionization  —  eleotrolyais  —  acids  and  baaes 
—  neutraliaation  —  d«^ree  of  ionization  —  ionic  reactions  — 
reactions  whieh  go  to  completion  —  rules  for  solubility  — 
■valence  of  ions  —  the  electron. 

166.  Solutions  as  electrical  conductors.  Solutions  of  dif- 
ferent substances  in  wat«r  vary  greatly  in  their  power  to  conduct 
an  electric  current.  Some  solutions  will  not  conduct  the  cur- 
rent at  all ;  others  conduct  it  very  readily.  Let  us  try  to 
understand  the  reason  for  this  difference. 

We  may  study  the  conducting  power  of  solutions,  roughly,  with 
apparatus  somewhat  like  that  shown  in  figure  97.  The  two  platinum 
wires  are  connected  with  the 
electric  curcuit.  The  lamp 
which  is  on  one  of  the  wires 
serves  as  resistance  to  control 
the  current  and  also  as  an  in- 
dicator of  the  ourrent.  When 
it  glows  brightly  the  solution 
is  a  good  conductor. 

Let  us  use  this  apparatus 
to  test  distilled  watOT  and  then 
solutions  of  sugar,  common 
salt,  hydrochloric  acid,  so- 
dium hydroxide,  a«etic  acid, 
ammonium  hydroxide,  and  alcohol.  We  find  that  the  lamp  does 
flo(  Hgbt  when  pure  water  or  a  solution  ot  KOgBX  ot  aioohol  is  used. 
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But  the  solutions  of  salt,  sulfuric  acid,  and  sodium  hydroxide  cause 
the  lamp  to  bum  brightly ;  while  the  solutions  of  acetic  acid  and  am- 
monium hydroxide  give  only  a  dull  red  glow  to  the  filament. 

It  may  have  been  noticed  that  in  those  solutions  which  con- 
duct the  electric  current  bubbles  of  gas  rose  from  the  electrodes ; 
this  indicated  that  a  chemical  change  was  going  on.  Solutions 
of  acids,  bases,  and  salts  are  called  electrolytes  because  they 
conduct  electricity ;  pure  water  and  solutions  like  those  of  sugar 
and  alcohol  are  called  nonelectrolytes.  A  chemical  change 
always  accompanies  the  passage  of  electricity  through  an  elec- 
trolyte, and  in  this  respect  these  conductors  differ  from  metallic 
conductors. 

167.  Other  peculiarities  of  electroljrtes.  Solutions  of  acids, 
bases,  and  salts  are  peculiar  in  several  other  respects  besides 
that  of  being  electrolytes.  In  Chapter  XV  we  learned  that 
one  gram-molecule  of  a  substance  like  sugar  when  dissolved 
in  a  liter  of  water  lowered  the  freezing  point  from  0°  C.  to 
—  1.86°  C,  and  raised  the  boiUng  point  from  100°  C.  to 
100.52°  C.  If  one  gram-molecule  of  sodium  chloride  or  sul- 
furic acid  is  dissolved  in  a  Uter  of  water,  the  freezing  point 
will  be  lowered  and  the  boiling  point  raised ;  but  the  effect  will 
he  almost  twice  as  great  as  with  sugar.  All  electrolytes  behave 
in  much  the  same  way.  So  we  say  that  acids,  bases,  and  salts 
give  abnormal  elevations  of  the  boiling  point  and  abnormal  lower- 
ings  of  the  freezing  point.  When  we  examine  the  osmotic 
pressure  of  electrolytes  we  find  that  these  same  solutions  give 
abnormally  high  osmotic  pressure. 

We  have  seen  that  the  lowering  of  the  freezing  point,  the 
raising  of  the  boihng  point,  and  the  osmotic  pressure  depend 
directly  on  the  number  of  molecules  present  in  a  given  weight 
of  solvent.  It  would  seem,  therefore,  as  if  an  electrolyte  con- 
tained a  great  many  more  molecules  of  dissolved  substance 
than  did  a  nonelectrolyte.  This  can  be  accounted  for  if  we 
assume  that  the  molecules  of  a  substance  like  salt  on  dissolvinq 
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in  water  break  up  into  two  or  more  parts  wUch  are  juBt  as  free 

tiB  a  molecule  to  move  about  in  the  solution. 
168.  lonizatioa.    On  the  basis  of  these  facts  a  Swedish 

chemist,  named  Arriienius  (Fig.  98),  su^j^ested  a  theory  ^ich 
has  been  called  the  theory 
of  ions.  He  supposed  that 
when  salt  dissolved  in  water 
it  was  broken  up,  or  disBo- 
dated,  into  particles  of  so- 
dium and  of  chlorine,  and 
that  each  particle  carried  an 
electric  charge,  a  positive 
charge  in  the  case  of  sodiiun 
and  a  negative  charge  in  the 
case  of  chlorine.  This  pro- 
cess is  called  ionization,  or 
electrolytic  dissociatioa ;  to 
the  charged  particles  Fara- 
day (Fig.  99)  gave  the 
name  ions,  meaning  "wan- 
derers." The  following  equa- 

•^c.  98.    SvANTB  August  Arruenius    tion  represents  the  change : 
(1859-). 
Suagested  the  theory  of  iooiiaUoQ.  NaCl »-  Na*  +  CI" 

Note.     An  iOD  ie  indicated  by  writiog  tt  +  or  —  sign  after  mod  above  the 


These  charged  particles,  or  ions,  must  not  be  oonfused  with  atoms ; 
they  are  atoms  carrying  an  electrio  charge,  but  this  electrio  charge 
completely  modifies  the  nature  of  the  particle.  Particles  of  sodium 
could  not  be  floating  around  in  an  aqueous  solution,  for  sodium  is  a 
very  active  metal  wMoh  would  immediately  react  with  the  water. 
The  sodium  ion  is,  however,  quite  different  and  does  not  react  with 
the  vn,Uar. 

We  can  now  explain  by  the  theory  of  ions  the  abnormal  be- 
havior of  electrolytes  in  regard  to  the  elevation  of  the  boiling 
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point,  the  lowering  of  tbe 
freesing  point,  and  the  os- 
motic pressure.  Since  the 
molecules  split  up  into  ions, 
we  h&ve,  for  example,  in  a 
solution  of  conunon  salt 
twice  as  many  particles  as  in 
an  equimolecular  solution 
of  sugar,  ^ich  is  a  nonelec- 
trolyte. 

169.  Eiectrotysis.  Let  us 
now  apply  this  theory  to 
explain  two  facts  about  elec- 
trolytes :  namely,  that  they 
amd-uct  electricity,  and  are 
at  the  same  time  decomposed 
hy  the  current.  We  shall 
suppose  that  we  have  some 
hydrochloric  acid  in  a  beaker 
with  two  electrodes  dippii^ 
into  the  solution,  as  shown 


Fio.  99.    Michael  Faradat 
(1791 -1867). 


electricity  and 

to  our  theory  the  solution  chemiatiy. 
contains,  besides  the  water  (which  is  only  very  slightly  ionized), 
hydrogen  chloride  (HCl)  molecules,  hydrogen  ions  (H*),  and 
chlorine  ions  (CI"),  all  flying  around  among  the  water  mole- 
cules. When  the  electrodes  are 
connected  to  some  source  of 
electricity,  such  as  a  generator 
i  (G)  or  a  storage  battery,  one 
electrode  becomes  positively 
(-H)  chai^d  and  is  called  the 
anode,  while  the  other  electrode 

"H; JSHlJ"'^..  !/'"'?.!l^  5!  becomes  negatively  (-)  charged 
•Itdrolrrit    of    hydrochloric    ftdd         ,  .        „    ,    , 
(Hca).  and  la  called  tbe  <iatiia<i«. 
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Electrioal  engineers  often  8i>eak  of  electricity  as  "  juice  "  because 
they  think  of  it  as  a  fluid  flowing  along  a  conductor.  It  is  conven- 
tional to  say  that  the  electric  ciurent  flows  through  a  conductor  from 
the  positive  (+)  end  to  the  negative  ( — ).  So  in  the  case  of  the  elec- 
trolyte, we  speak  of  the  ciurent  as  flowing  through  the  solution  from 
the  anode  to  the  cathode. 

According  to  the  theory  of  ions,  the  negative  electrode 
(cathode)  attracts  the  positive  ions  (H"*")  and  repels  the  nega- 
tive ions  (CI").  This  is  merely  the  well-known  law  of  elec-^ 
tricity  that  like  charges  repel  and  unlike  charges  attract.  At 
the  same  time  the  negatively  charged  ions  (CI")  are  attracted 
by  the  positive  electrode  (anode),  and  the  positive  ions  (H^) 
are  repelled  by  it.  Thus  we  see  that  when  the  electric  circuit 
is  closed  the  ions  begin  to  migrate  to  their  proper  electrodes. 
In  an  electrolyte  the  ions  themselves  move  and  actually  carry 
the  electricity  with  them.  Nonelectrolytes  do  not  conduct 
electricity  simply  because  they  do  not  furnish  the  ions  to  carry 
it. 

When  the  positive  ion — in  this  case  the  hydrogen  ion — reaches 
and  touches  the  cathode,  its  positive  charge  is  neutralized,  and 
the  result  is  an  ordinary  hydrogen  atom.  But  we  have  already 
foimd  that  atoms  of  free  hydrogen  unite  in  pairs  to  form  mole- 
cules (H2),  and  so  we  see  bubbles  of  the  gas.  At  the  same 
time  the  negative  ions  are  discharged  at  the  anode,  and  chlorine 
is  set  free.  (At  first  this  is  largely  dissolved  in  the  hydrochloric 
acid.) 

We  thus  find  that  the  theory  of  ions  gives  us  a  very  satisfactory 
account  of  the  electrolysis  of  an  aqueous  solution,  such  as  dilute  hydro- 
chloric acid.  Sometimes  the  process  is  complicated  by  the  fact  that 
the  atoms  which  are  freed  at  the  electrodes  react  with  the  water  as 
fast  as  they  are  formed.  This  is  the  case  with  sodium  hydroxide. 
The  sodium  atoms  which  are  formed  at  the  negative  electrode  immedi- 
ately react,  forming  more  sodium  hydroxide  and  hydrogen.  The 
hydroxyl  ions,  when  the  charge  is  removed,  immediately  break  down 
into  water  and  oxygen.  Thus  the  gases  which  are  produced  at  the 
two  electrodes  are  hydrogen  and  oxygen,  and  sodium  hydroxide  is 
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oontinually  regenerated.     The  equations  are : 

NaOH  — >-  Na+  +  OH" 

at  the  negative  electrode :  at  the  positive  electrode : 

2  Na-l-2  H,0  — >-  2  NaOH  +  Ha  4  OH  — >-  2  H,0+  O2 

170.  Acids  and  bases.  We  can  now  more  clearly  under- 
stand the  essential  characteristics  of  acids  and  bases.  When 
an  acid  like  hydrochloric  acid  dissolves  in  water,  it  dissociates 
into  a  hydrogen  ion  (H"^)  and  some  other  negative  ion,  in  this 
case  the  chlorine  ion.  All  acids  dissociate,  giving  hydrogen 
ions,  and  we  may  thus  define  acids  as  substances  which  dissolve 
in  water  and  give  hydrogen  ions. 

AU  bases  contain  the  hydroxyl  group.  On  dissolving  in 
water  they  dissociate  into  a  positive  ion,  usually  a  metal,  and 
the  negative  hydroxyl  ion  (0H~).  We  can  define  bases  as 
substances  which  dissolve  in  water  with  the  production  of  the 
hydroxyl  ion.  All  the  characteristics  of  acids  are  really  peculiari- 
ties of  the  hydrogen  ion,  and  the  characteristics  of  bases  are  due 
to  the  hydroxyl  ion.  In  the  case  of  dibasic  acids,  such  as  sul- 
furic acid,  two  hydrogen  ions  are  produced ;  and  in  the  case  of 
bases,  such  as  calcium  hydroxide,  two  hydroxyl  ions  are  pro- 
duced :  jj^gQ^  .^^  2  H+  -h  SOr  - 

Ca(0H)2  — ^  Ca++  +  2  OH" 

171.  Neutralization.  We  have  seen  that  when  an  acid 
and  a  base  are  brought  together,  water  and  a  salt  are  formed. 
In  terms  of  the  ionic  theory  this  means  that  the  hydrogen  ion 
of  the  acid  and  the  hydroxyl  ion  of  the  base  unite  to  form 
water :  ^^  ^  ^ g.  _^  ^^^ 

This  reaction  takes  place  because  the  molecules  of  water  are 
very  slightly  dissociated.  A  molecule  of  water  shows  very  little 
tendency  to  dissociate  into  a  hydrogen  ion  and  a  hydroxyl 
ion.    When  we  neutralize  hydrochloric  acid  m\j\\  ^c^^xtkl  \>;:^~ 
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droxide,  there  are  thus  formed  undissociated  water  molecules. 
The  sodium  ions  and  the  chlorine  ions  are  not  affected ;  they 
still  move  aroimd  freely  in  the  solution : 

Na+  +  OH-  +  H+  +  CI-  — ^  Na+  +  Cl^  +  H2O 

The  solution,  however,  is  electrically  neutral  since  there  are 
an  equal  niunber  of  positive  and  negative  ions.  We  now  have 
'  exactly  the  same  condition  at  hand  as  if  we  had  started  with 
salt  and  had  dissolved  it  in  water.  As  we  evaporate  the  solu- 
tion and  it  becomes  more  concentrated,  a  certain  niunber  of 
the  sodium  and  chlorine  ions  join,  forming  undissociated  sodium 
chloride  molecules.  As  soon  as  the  solution  becomes  saturated, 
these  undissociated  molecules  begin  to  join  together,  and  solid 
crystalline  sodium  chloride  separates  out. 

172.  Degree  of  ionization.  The  process  of  ionization  is  a 
reversible  one.  In  concentrated  solutions  there  are  a  number 
of  undissociated  molecules.  As  we  dilute  such  a  solution, 
more  and  more  of  these  molecules  dissociate  imtil  we  find  that 
we  have  only  ions  present : 

NaCl  =^:±:  Na+  +  Cl" 

Thus  it  is  only  in  dilute  solutions  that  we  can  neglect  the 
effect  of  ihe  undissociated  molecule.  There  are  certain  sub- 
stances whose  molecules  dissociate  much  less  readily  than  do 
common  salts.  Such  a  substance  is  acetic  acid.  Even  in 
dilute  solutions  only  a  small  fraction  of  the  total  number  of 
molecules  of  this  acid  are  dissociated  into  hydrogen  ions  and 
negative  ions.  The  result  is  that  when  we  compare  a  solution 
of  acetic  acid  with  one  of  hydrochloric  acid  (which  has  the  same 
number  of  molecules  in  a  given  volume),  there  are  many  times 
the  number  of  hydrogen  ions  in  the  hydrochloric  acid  solution 
more  than  there  are  in  the  acetic  acid.  That  is,  the  concentration 
of  hydrogen  ions  in  the  solution  of  acetic  acid  is  relatively  low. 
Acids  of  this  sort  are  said  to  be  weak  acids.    Because  they 
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have  a  relatively  small  concentration  of  ions,  they  conduct  the 
electric  current  only  feebly;  isind  because  the  hydrogen  ion 
concentration  is  low,  they  are  only  slightly  acidic. 

In  the  same  way  some  bases,  like  ammonium  hydroxide  and 
copper  hydroxide,  are  only  slightly  dissociated  and  are  said 
to  be  weak  bases.  It  must  be  remembered  in  comparing  the 
strength  of  different  acids  and  bases  that  we  are  comparing 
the  relative  degree  of  dissociation  in  dilvie  solutions.  In  order 
to  compare  the  properties  of  the  dilute  solutions  of  two  acids, 
we  must  take  solutions  of  such  strength  that  there  will  be  an 
equal  number  of  molecules  in  a  given  volume  of  each  solution. 
In  such  equimolecular  solutions  the  number  of  hydrogen 
ions  will  therefore  vary  directly  with  the  strength  of  the  acids. 

Hydrochloric  and  nitric  acids  are  strong  acids.  They  are  almost 
completely  dissociated  in  dilute  solutions.  Sulfuric  acid  is  also  a 
strong  acid,  although  it  is  not  quite  so  strong  as  the  two  just  men- 
tioned. Acetic  and  sulfurous  acids  are  weak  acids ;  hydrogen  sulfide 
and  carbonic  acids  are  exceedingly  wQ(|||l!!Jtcids.  Sodium,  potassium, 
and  calcium  hydroxide  are  strong^mses;  ammonium  hydroxide  is  a 
weak  base. 

173.  Ionic  reactions.  Reactions  in  aqueous  solutions  are 
characterized  by  the  fact  that  nearly  all  of  them  occur  almost 
instantly.  The  reason  for  this  is  that  these  reactions  take 
place  between  ions.  For  example,  an  acid  neutralizes  a  base 
so  rapidly  that  we  cannot  measure  the  speed.  In  general,  we 
can  think  of  all  reactions  which  take  place  in  dilute  solutions 
of  acids,  bases,  and  salts,  as  being  between  ions.  We  can 
often  write  such  reactions  by  forming  equations  in  which  the 
ions  are  shown ;  the  neutralization  reaction  has  already  been 
written  in  this  way. 

The  replacement  of  the  hydrogen  of  an  acid  by  a  metal  is  really  the 
transfer  of  the  electricity  from  a  hydrogen  ion  to  a  metallic  atom ;  the 
metallio  atom  is  thereby  turned  into  a  metallic  ion  and  free  hydrogen 
is  liberated.     Such  a  reaction  can  be  represented  thus : 

Zn+  2  H+  — ^  Zn++-|-  H, 
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The  negative  ion  of  the  acid  need  not  be  shown  in  suoh  an  equation, 
because  it  is  not  involved  in  the  reaction. 

When  we  mix  a  solution  of  sodium  chloride  and  potassium  nitrate, 
nothing  happens.  The  various  ions  merely  move  around  Iraely  in 
the  solution.  A  certain  numb^  of  undissooiated  potassium  chloride 
and  sodium  nitrate  molecules  are  produced : 

Na++  a-+  K*+  NO,-  ^^  KCl  +  NaNO, 

As  both  of  these  substances  are 
soluble  in  water,  they  do  not  separate 
out,  but  dissociate  again  into  the  orig- 
inal ions.  When  we  make  a  mixture 
of  sodium  ctloride  and  silver  nitrate 
(AgNO,),  we  at  once  get  a  white  pre- 
cipitate. This  is  because  the  silver  ions 
and  chlorine  ions  combine  to  form  un- 
dissooiated silver  eUoride  (AgCl)  mole- 
cules, which  are  immediately  removed 
from  the  solution  since  silver  chloride 
is  insoluble.  In  this  way  the  reaction 
goes  to  completion ;  more  and  more 
sodium  ions  and  chlorine  ions  unite, 
and  more  and  more  silver  chloride  is 
precipitated,  until  either  the  chloride 
ions  or  silver  ions  are  exhausted : 


Ag^  +  Cl-- 


-AgCU 


174.  Reactionswhichgo  to  corn- 
Fig.  toi.  Reaction  goes  to  com-  pietion.  We  may  divide  all  double 
pletioa  because  ■  gas  is  evolved.       ,       __         ...  ,.  _,  .  ,       „ 

decomposition  reactions  whicn  go 

to  completion  in  aqueous  solutioD  into  three  classes  : 

(I)  If  one  of  the  products  of  the  action  is  a  gas  insohMe  in 
water,  it  will  escape,  and  the  action  will  therefore  run  to  an  end. 
Such  a  case  is  the  action  of  dilute  hydrochloric  acid  on  sodium 
carbonate  {Fig,  101) : 

2  HCI  +  NasCOj  — »-  2  NaCl  +  HiO  +  CO,  f 

When  we  mix  dilute  sodium  chloride  and  dilute  sulfuric  acid, 
we  do  not  get  the  same  result  since  hydrogen  chloride  is 
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soluble  in  water.  We  merely  have  a  mixture  of  the  various 
ions,  no  molecules  being  formed  or  removed.  When  we  use  con- 
centrated acid  and  heat  the  mixture,  a  reaction  takes  place 
because  hydrogen  chloride  is  now  expelled, 

(2)  Ionic  reactions  will  go  to  completion  if  an  insoluble 
predpUate  is  formed.  This  case  has  already  been  discussed 
in  connection  with  the  precipitation  of  silver  chloride.  Another 
example  is  the  formation  of  barium  sulfate  (Fig.  102) : 


Ba++  +  2  CI-  +  2  H*  +  SOr  "  — » 

(3)  Ionic  reactions  will  algo  run 
to  completion  if  one  of  the  p6Bsible 
products  is  only  slightly  dissociated. 
The  commonest  example  of  this 
is  the  process  of  neutralization, 
which  has  already  been  considered. 

176.  Substances  insoluble  in 
water.  In  order  to  use  the  fore- 
goii^  principles  we  shall  need  to 
know  what  substances  are  insol- 
uble in  water,  or  soluble  only 
with  difficulty.  We  have  already 
{§  161)  considered  the  case  of 
gases.  We  shall  now  stat«  some 
rules  for  the  solubility  of  solids 
which  it  will  be  well  to  remember. 

Qbnbral  Rules  for  Soldbilitt 


U  +  2  H+  +  2  CI' 


^'>\ 


iormed. 


1.  All  aodium,  potiusium,  and  a: 
nium  oompounds  are  soluble  in  water. 

2.  All  niiToles,  eMorales.  and  acetates  are  aolTibU  in  water. 

3.  All  chlorides  are  s/iluble.  except  those  of  silver,  mercury  (mer- 
curoua),  and  lead  (lead  slightly  soluble). 

4.  All  tulfaies  are  soluble,  except  those  of  barium,  lead,  and  oal- 
ojiini  (ealdum  elightly  soluble}. 
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5.  All  carbonates  are  insolxible,  except  those  of  sodium,  iwtassiiini, 
and  ammonium. 

6.  All  oxides  and  hydroxides  are  insoluble,  except  those  of  ammo- 
nium, sodium,  potassium,  and  barium  (calcium  hydroxide  slightly 
soluble). 

176.  Valence  of  ions.  Monovalent  elements  like  sodium 
and  chlorine  form  ions  which  have  only  onejelectric  charge. 
However,  certain  elements  and  groups  of  elements  form  ions 
which  have  more  than  one  charge.  For  example,  when  sodimn 
sulfate  dissociates,  it  forms  two  monovalent  sodium  ions  and 
one  divalent  sulfate  ion : 

NaaSO*  — >-  2  Na+  +  SOr  " 


Valence  of  Some  Common  Ions 


Posmvi:  loNB 

NBOAnVB  lONB 

Monovalent 

Divalent 

Trivalent 

Monovalent 

Divalent 

Trivalent 

H+ 

Na+ 

K+ 

Ag+ 

Ca++ 
Ba++ 

Mg++ 
Cu++ 
Zn++ 

Fe++ 

A1+++ 

OH- 

ci- 

Br- 

I- 

NO,- 

oci- 

SOr- 

CO,— 

so,~ 

s— 

PO4 

It  will  be  seen  that  all  the  metals  form  positive  ions  but  that 
many  differ  in  their  valence.  Thie  valence  of  these  ions,  how- 
ever, corresponds  to  the  valence  of  the  metals  as  we  have 
previously  learned  them  (§  148).  Certain  nonmetals  form 
single  ions,  and  many  of  them  form  ions  of  a  complex  nature 
which  contain  oxygen.  The  valence  of  the  nonmetallic  ions 
likewise  varies.  It  will  help  us  to  appreciate  what  is  meant 
by  valence  if  we  recognize  that  the  valence  of  a  positive  ion 
is  the  number  of  positive  charges  that  each  atom  gains  on  going 
in^  the  ionic  condition.     Similarly,  the  valenefe  oi  ^  t^ft®.tive 
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ion  represents  the  number  of  negative  charges  which  these 
atoms  or  groups  of  atoms  hold.  It  will  be  seen  that  in  order  to 
have  an  electrically  neutral  solution  a  substance  must  dis- 
sociate in  such  a  way  that  the  algebraic  sum  of  the  total  charges 
will  be  zero.  That  is,  sodiiun  sulfate  could  not  have  the  for- 
mula NaS04  because  it  would  then  dissociate  so  that  there 
would  be  twice  as  much  negative  electricity  as  positive.  There 
must  be  two  positive  ions  to  coimterbalance  the  doubly  charged 
negative  ion. 

Impossible     NaS04  — ^  Na+  +  SOr  " 
Actual  Na2S04  -^-^  2  Na+  +  SO4-  " 

177.  The  electron.  When  the  ionic  theory  was  first  pro- 
posed little  was  known  about  the  nature  of  electricity,  and  very 
little  was  said  about  the  nature  of  the  charges  in  the  ions.  It 
was  necessary  to  assmne,  of  course,  that  there  must  always  be 
an  equal  number  of  positive  and  negative  ions  because  a  solu- 
tion is  electrically  neutral ;  that  is,  it  is  neither  positively  nor 
negatively  charged.  Recent  developments  in  physics  have 
given  us  a  clearer  idea  about  the  nature  of  electricity. 

In  conmion  salt,  we  think  that  each  of  the  sodium  and 
chlorine  atoms  contains  a  minute  nucleus  of  positive  electricity, 
which  comprises  most  of  the  mass  of  the  atom.  Around  the 
nuclei  there  are  many  tiny  particles  of  negative  electricity  called 
electrons.  Each  one  of  these  electrons  weighs  about  one 
eighteen  himdredth  (x^&ir)  ^^  much  as  an  atom  of  hydrogen. 
When  we  dissolve  such  a  substance  as  salt  in  water,  we  pro- 
vide an  opportunity  for  the  charged  sodium  and  chlorine  atoms 
to  separate  and  move  around  freely.  Thus,  a  chlorine  ion 
(CI")  consists  of  an  atom  of  chlorine  pliLS  one  electron  (C1+*), 
which  it  has  gained  from  the  sodium  atom;  a  sodiiun  ion 
(Na"*")  is  an  atom  of  sodium  minus  one  electron  (Na— c).  The 
sodium  ion  is  positively  charged  because  the  atom  has  lost 
one  unit  of  negative  electricity ;  the  chlorine  ion  is  negatively 

charged  because  the  atom  has  gained  this  liib^gdAXN^  ^^^\xv^\\:j 
s 
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When  these  ions  combine,  the  resulting  molecule  (NaCl)  is 
electrically  neutral. 

The  electron  is  the  smallest  quantity  of  electricity  which 
can  be  transferred  from  one  atom  to  another,  and  the  smallest 
quantity  of  electricity  that  is  capable  of  existing  alone.  The 
positive  imit  of  electricity  is  unknown  in  the  free  state,  and 
apparently  exists  only  when  combined  or  associated  with  matter^ 

A  "  current  ^^  of  electricity  is  regarded  as  a  stream  of  electrons 
flowing  along  the  conductor.  It  should  be  noted,  however^: 
that  the  stream  or  procession  of  electrons  is  flowing  in  the  op- 
posite  direction  from  that  of  the  electric  current. 

SUMMARY  OF  CHAPTER  XVI 

AQUEOUS  SOLUTIONS  which  vdll  conduct  an  electric  cur- 
rent are  called  electrolytes;  solutions  which  vrill  not  conduct 
the  cturent  are  called  nonelectrolytes.  Solutions  of  acids,  bases, 
and  salts  are  electrolytes. 

ALL  ELECTROLYTES  show  an  abnormal  lowering  of  the 
freezing  point,  an  abnormal  raising  of  the  boiling  point,  and  an 
abnormally  high  osmotic  pressure. 

THE  IONIC  THEORY  assumes  that  in  solutions  of  electrolytes 
the  molecules  are  dissociated  into  charged  particles  called  iotis.  _.. 

ELECTROLYSIS  involves  the  discharge  of  the  positive .  and 
negative  ions  at  their  respective  electrodes  with  resulting  chemical 
change. 

ACIDS  are  substances  which  produce  hydrogen  ions  by  elec- 
trolytic dissociation. 

BASES  are  substances  which  produce  hydroxyl  ions  by  elec- 
trolytic dissociation. 

NEUTRALIZATION  merely  involves  the  combination  of  a 
hydrogen  ion  and  a  hydroxyl  ion  to  form  an  undissociated  molecule 
of  water. 

IONIZATION  is  a  reversible  process  and  is  complete  only  in 
dilute  solutions.  Some  kcids  and  bases  are  only  slightly  :6isuoh! 
dated ;  they  are  said  to  be  weak. 

VALENCE  of  an  ion  is  the  number  of  electric  charges  in  it 
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Reactions  go  to  completion, 

(1)  if  one  of  the  products  is  a  gas  insoluble  in  water ; 

(2)  if  an  insoluble  precipitate  is  formed ; 

(3)  if  one  of  the  possible  products  is  only  slightly  ionized. 

Questions 

1.  How  can  you  determine  whether  kerosene  is  an  electrolyte? 

2.  When  dry  sodium  hydroxide  is  treated  with  dry  hydrogen 
chloride,  no  chemical  change  takes  place.     Explain. 

3.  What  five  series  of  facts  indicate  the  truth  of  the  theory  of  ions  ? 

4.  How  would  you  define  a  salt  in  terms  of  the  theory  of  ions  ? 

5.  Describe  the  electrolysis  of  hydrochloric  acid  in  terms  of  the 
electron  theory. 

6.  Write  the  ionic  eqiiation  for  the  following  reactions : 

Zinc  and  hydrochloric  acid 
Potassium  hydroxide  and  sulfuric  acid 
Calcium  hydroxide  and  hydrochloric  acid 
Aluminum  and  hydrochloric  acid 
Sodium  and  water 

7.  When  cold  concentrated  sulfuric  acid  is  added  to  zinc,  there  is 
no  change.     Explain. 

8.  What  is  the  distinction  between  a  strong  acid  and  a  concentrated 
acid? 

9.  When  silver  nitrate  (AgNOs)  solution  is  added  to  potassium 
chlorate  (KClOj)  solution,  no  precipitate  is  formed.  When  silver 
nitrate  solution  is  added  to  potassium  chloride  (KCl)  solution,  a  white 
precipitate  is  formed.     Explain  carefully. 

10.  Define  the  following  terms:  electrode,  electrolyte^  electrolysis^ 
electrolytic  dissodaMon,  and  electron. 

11.  What  are  the  properties  of  the  hydrogen  atom?  of  the  hydro- 
gen ion? 

12.  Which  of  the  following  substances  would  you  expect  to  be 
insoluble  in  water :  copper  sulfate,  lead  nitrate,  merciu'ic  oxide,  barium 
hydroxide,  zinc  nitrate,  sulfiu"  dioxide,  tin  oxide,  aluminum  sulfate, 
ammonium  chloride,  calcium  carbonate? 

13.  Write  the  formulas  of  the  soluble  substances  named  in  ques- 
tion 12,  and  indicate  the  ions  and  the  valences. 
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14.  A  gram-molecular  solution  of  sodium  chloride  froze  at  -3.42°  C. 
Was  the  ionization  complete  ? 

16.  When  dry  sodium  bicarbonate  and  dry  tartaric  acid  (baking 
powder)  are  mixed,  there  is  no  action.  When  water  is  added  there  is 
violent  effervescence.     Explain. 


Review  Questions 

1.  Using  the  language  and  symbols  of  the  ionization  theory,  state 
what  happens  when  copper  sulfate  is  dissolved  in  water. 

2.  Explain  fully  according  to  the  ionization  theory  what  happens 
when  a  solution  of  sodium  sulfate  is  added  to  a  solution  of  barium 
chloride. 

3.  What  happens  to  the  hydrogen  of  hydrochloric  acid  when  this 
acid  is  neutralized  by  an  alkali?    Give  the  reason  for  your  answer. 

4.  State  accurately  Avogadro's  theory.  Explain  its  use  in  deter- 
mining molecular  weights.  « 

6.   Define  element;  compound;  atom;  molecule, 

6.  How  many  cubic  centimeters  of  hydrogen  gas,  measured  under 
standard  conditions,  would  be  necessary  to  reduce  10  grams  of  copper 
oxide? 

Topic  for  Further  Study 

Sir  Humphry  Davy  and  his  brilliant  pupil  Michael  Faraday.  Which 
man  did  more  for  the  advancement  of  chemistry,  Davy  or  Faraday? 
(Moore's  History  of  Chemistry  and  Thorpe's  Essays  in  Historical 
Chemistry.) 


CHAPTER  XVII 

SULFUR  AND  THE  SULFIDES 

Occurrence  of  sulfur  —  production  —  experiments  —  prop- 
erties —  allotropic   forms  —  chemical   behavior. 

Occurrence  of  hydrogen  sulfide  —  preparation  —  proi)ertie8 
—  analytical  uses.     Carbon  distdfide. 

Use  of  sulfiu:  in  rubber  —  comparison  with  oxygen. 

178.  Importance  and  occurrence  of  sulfur.  We  shall  now 
consider  the  element  sulfur,  which  has  been  known  since  the 
earliest  times.  Large  deposits  of  free  sulfur  occur  in  Sicily, 
Texas,  and  Louisiana.  It  is  frequently  found  around  the  rims 
of  craters  and  in  the  vicinity  of  volcanoes,  as  well  as  in  non- 
volcanic  regions. 

There  are  large  deposits  of  sulfur  compounds,  such  as  the 
sulfides  of  metals:  iron  pyrite,  or  fooFs  gold  (FeS2),  galenite 
(PbS),  and  zinc  blende  (ZnS) ;  also  the  sulfates,  such  as  gypsum 
(CaS04-2H20). 

Mixed  with  saltpeter  (KNOs)  and  charcoal  (C),  sulfur  has 
long  been  used  in  black  gunpowder.  Sulfur  enters  into  the 
lime-sulfur  mixtures  used  for  spra3dng  shrubs  and  trees;  it 
furnishes  the  sulfur  dioxide  for  bleaching  and  disinfecting. 
Perhaps  most  important  of  all  is  its  use  in  the  manufacture  of 
sulfiuic  acid,  a  substance  which  plays  a  large  and  essential 
r61e  in  the  preparation  of  other  chemicals. 

179.  Industrial  Production,    in  Sicily,  where  the  sulfur  deposits 

are  on  or  near  the  surface  of  the  groimd,  a  very  simple  but  wasteful 
method  of  production  is  employed.  The  sulfur  mixed  with  consid- 
erable rock  and  dirt  is  piled  up  in  heaps  on  a  slanting  hearth  and  is 
Bet  on  fire.    Some  of  the  sulfur  bums,  and  the  \iQ8A>  \\i  ^n^s^  c3iv>X»  \CkS^^ 
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the  rest  so  that  it  runs  down  the  sloping  floor  away  from  the  impurities. 

The  crude  sulfur  is  then  purified  by  distillation,  a  process  which  is 

carried  out  by  boiling  the  sulfur  in  a 
retort  B  (Fig.  103)  and  sending  the 
vapor  into  a  cold  chamber  D,  in  which 
it  condenses.  At  first  it  collects  in 
the  form  of  a  fine  powder,  which  is 
called  flowers  of  sulfur.  After  a  time 
the  walls  of  the  chamber  become 
warm,  and  the  sulfur  melts  and  col- 
lects on  the  floor  C,  It  is  then  run.  into 
wooden  molds  and  cast  in  the  form 
of  sticks.  This  is  the  ordinary  roll 
sulfur. 


Fig.  103.    Distillation  of  sulfur. 


Compretaed 
air 
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In  America  the  deposits  of 
sulfur  are  six  hundred  or  more 
feet  below  the  surface  of  the  ground; 
and  because  of  the  surrounding  clay, 
quicksand,  and  rock,  it  is  impossible  to 
mine  it  by  the  usual  methods.  An 
American  chemist,  Herman  Frasch,  after 
ten  years  of  labor  worked  out  a  most  in- 
genious and  successful  method  of  getting  this 
sulfur.  The  process  is  essentially  this  :  A  hole 
is  drilled  down  to  the  bottom  of  the  sulfur  bed. 
Into  this  hole  is  lowered  a  six-inch  iron  pipe 
which  contains  two  smaller  pipes,  one  within 
the  other  (Fig.  104).  Water  heated  under  pres- 
sure to  a  temperature  well  above  its  boiling 
point  (170°  C.)  is  forced  down  through  the  six- 
inch  pipe.  On  coming  into  contact  with  the 
sulfur,  the  hot  water  melts  it  and  turns  the  un- 
derground deposit  into  a  subterranean  lake  of  of  piping  in  the 
molten  sulfur.  Compressed  hot  air  is  now  forced  Frasch  process, 
down  through  the  smallest  pipe  and  forms  a  froth  with  the  molten 
sulfur  and  hot  water.    The  pressure  of  the  hot  water  and  com- 
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pressed  air  forces  this  froth  up  through  the  middle  pipe,  whence 
it  discharges  into  a  large  wooden  bin  which  measures  about 
150  by  250  feet.  In  this  way  great  quantities  of  sulfur  can  be 
melted  and  blown  to  the  sdrface.  It  is  very  pure  (about  99  per 
cent) ;  and  after  it  has  solidified,  the  huge  blocks  are  broken  up, 
loaded  directly  into  cars  (Fig.  105),  [:nd  shipped  1 
points  for  use  without  further  purification. 


Fig.  105-    Loading  sulfur  from  the  huge  blocks. 
The  locomotive  derrick  takes  up  2  tooa  at  a  time. 

180.  Experiments  with  sulfur,  if  we  carefully  heat  some  pow- 
dsred  sulfur  in  a  lai^e  test  tube,  it  easily  melts  and,  if  not  overheated, 
gives  a  pale  yellow  liquid,  which  flows  about  the  tube  like  oil.  Aa  we 
heat  it  more  strongly  the  sulfur  rapidly  grows  darker  and  becomes 
BO  thick  and  sticky  that  even  if  the  tube  is  turned  upside  down  it  does 
not  run  out.  When  we  heat  it  still  more,  it  becomes  Uquid  again,  al- 
thoi^h  it  remains  dark  in  color,  and  presently  boils.  As  we  let  the  liquid 
cool  we  note  that  the  sulfur  goes  through  these  same  changes,  but  in 
the  reverge  order. 

181.  Properties  of  sulfur.  Sulfur  is  a  pale  yellow,  brittle 
solid  about  twice  as  heavy  as  wat«r.  It  is  not  soluble  in  water 
and  has  no  marked  taste  or  odor.  When  heated  it  melts  at 
1 14"  C.  to  a  straw-colored  hquid ;  as  the  temperature  rises,  the 
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liquid  becomes  darker  and  more  and  more  viscous  imtil  at  about 
235°  C.  it  is  almost  black  and  too  thick  to  run  out  of  the  vessel. 
Then  it  grows  thinner  again  on  further  heatii^s  and  boils  at 
445"  C.  As  a  solid  it  is  a  very  good  insulator  of  heat  and 
electricity. 

182.  Varieties,  of  sulfur.  If  we  dissolve  some  roll  sulfur  in  a 
amall  quantity  of  oarboa  disulfide  (CSi)  and  thea  pour  the  solution 
into  a  crystallizing  dish,  the 
solvent  slowly  evaporates  and 
leaves  the  sulfur  in  the  shape 
of  sm^  crystals. 

If  this  experiment  is  car- 
ried out  on  a  larger  scale 
and  with  certain  precau- 
tions, more  perfectly  shaped 
crystals  will  be  formed,  like 
the  ones  shown  in  figure 
_.       ,    t,K    ^-  ,        ,    ,.  ^^-    These  crystals  gener- 

Fig.  loo.     Rhombic  form  of  salfnr.  n      >  r.      ■  <         r         i 

ally  have  8  sides  (octahe- 
dral) and  belong  to  the  rhombic  system ;  hence  this  variety  is 
called  rhombic  sulfur.  The  free  sulfur  found  in  nature  is 
rhombic.  Roll  sulfur  and  flowers  of  sulfur  are  largely  com- 
posed of  very  small  crystals  of  this  sort. 

Another  crystalline  variety  can  be  obtained  by  first  melting  some 
sulfur  and  then  allowing  it  to  cool  slowly.  This  can  be  conveniently 
done  in  a  clay  crucible.  As  the  melted  sulfur  b^ina  to  solidify,  a 
thin  crust  forms  over  the  surface.  If  a  hole  is  broken  through  and 
the  liquid  sulfiir  imdemeath  is  poured  out,  a  loose  mass  of  needle-like 
crystals  (Pig.  107)  is  found  to  flD  the  interior  of  the  crucible. 

These  crystals  which  grow  in  the  liquid  are  of  the  monoclinic 
or  prismatic  variety.  They  are  long,  transparent,  pale-yellow 
needles,  almost  rectangular  in  cross  section  and  beveled  at  the 
points.  Sulfur  can  be  kept  in  this  form  indefinitely,  provided 
the  temperature  is  above  96°  C.  and  below  its  melting  point ; 
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but  when  it  is  allowed  to  cool,  it  slowly  becomes  opaque 
because  of  its  change  into  particles  of  rhombic  sulfur 

W«  shall  now  heat  a  quantity  of  ordinary 
roll  sulfur  in  a  amall  flaak  until  it  is  almost 
boiling  and  then  pour  the  hot  aulf  ur  in  a,  thin 
stream  into  a  beaker  of  cold  water,  as  shown 
in  figure  108.  It  is  convenient  to  place  a  fun 
nel  in  the  beaker  and  pour  the  stream  of  aul 
fur  aroimd  it.  Then  we  may  easily  lift  out 
the  funnel  and  the  solidified  sulfur  with  it 
It  is  no  longer  brittle  but  seems  almost  like  a 

The  dou(^-like  product  obtained  by 
suddenly  chillii^  the  molten  sulfur  in    pjg,    ,07.    Prismatic    or 
cold  water  is  called  plastic  sulfur.     Since       needie-shspod    ciTitala 
it  has  no  crystalline  form  it  is  also  called 

amorphous  sulfur.  This  variety  is  unstable  and  in  the  course  of 
a  few  days  changes  into  the  rhombic  form.  The  crystalline 
forms  of  sulfur  are  soluble  in  carbon 
disulfide;  the  amorphous  forms  are 
not. 

There  are  a  number  of  other  forms 
in  which  elementary  sulfur  can  exist, 
but  we  shall  not  discuss  them  here, 

183.  Allotropic  forms.  The  differ- 
ent modifications  of  an  element,  such 
as  we  have  described  for  sulfur  and 
such  as  exist  also  for  other  elements 
like  carbon  and  oxygen,  are  called 

allotropic   forms.     It    must    not   be 

Kgrio8r"pouring  melted  sul-    thought,    however,    that    the    sulfur 
fur  into  cold  water  fonna  atom  itself  is  different  in  these  vari- 
ations.    The  differences  in  form  are 
due  to  the  number  of  atoms  which  are  combined  in  the 
sulfur  molecule,  and  perhaps  also  to  the  wj  iss.  ■w'mriEi.  SiaR, 
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atoms  are  grouped  together.  In  the  case  of  sulfur  we  do  not 
yet  know  just  how  many  sulfur  atoms  there  are  in  the  molecule 
of  each  of  the  different  modifications;  but  we  do  know  that 
sulfur  atoms  have  a  tendency  to  form  large  molecules,  since 
gaseous  sulfur  contains  a  molecule  which  has  eigjht  atoms.  In 
the  case  of  the  allotropy  of  oxygen  it  has  been  found  that  the 
diflference  is  due  solely  to  the  fact  that  one  form  has  two  atoms 
to  the  molecule,  while  the  other  form  (ozone)  has  three. 

184.  Chemical  behavior  of  sulfur.  All  forms  of  sulfur 
behave  very  much  alike  chemically.  When  sulfur  bums  in  the 
air  it  yields  a  pungent  gas,  sulfur  dioxide  (SO2).  Most  metals 
when  heated  with  sulfur  unite  with  it  directly,  forming  metallic 
sulfides. 

Among  the  first  chemical  reactions  which  we  investigated 
were  those  between  iron,  zinc,  copper,  and  sulfur,  forming  the 
various  sulfides.    The  equations  for  these  reactions  are : 

Zn  +  S  — >-  ZnS 
Fe  +  S  — ^  FeS 
Cu  +  S  — ^  CuS 

Sulfides 

185.  Occurrence  of  hydrogen  sulfide.  This  gas  (H2S)  has 
a  characteristic  odor  which  is  recognized  whenever  animal 
substances  containing  sulfur  become  putrid.  Thus,  bad  eggs 
owe  their  disagreeable  smell  to  the  presence  of  this  gas.  It  is 
also  found  in  solution  in  certain  sulfur  springs  and  occurs  in 
volcanic  gases. 

186.  Preparation  of  hydrogen  sulfide.  When  hydrogen  is 
slowly  passed  over  melted  sulfur,  the  two  combine  to  form  hydro- 
gen sulfide.  Even  after  a  few  minutes  a  trace  of  the  gas  can  be 
detected  by  means  of  a  strip  of  paper  moistened  with  lead 
acetate  (Pb(C2H302)2)  solution.  The  paper  turns  dark  owing 
to  the  formation  of  lead  sulfide  (PbS),  which  is  black. 
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The  usual  method  of  preparing  hydrogen  sulfide  is  by  the 
action  of  dilute  hydrochloric  or  sulfuric  acid  on  iron  sulfide 

(FeS) :  p^g  ^.  2  hCI  — ^  FeCh  +  US  t 

When  only  a  small  amount  of  the  gas  is  needed,  the  apparatus 
shown  in  figure  109  is  convenient.  But  the  Kipp  generator 
(Fig.  25)  is  better  when  the  gas  is 
required  in  larger  quantities.  In- 
asmuch as  the  gas  is  somewhat 
poisonous,  all  experiments  with 
it  should  be  performed  either  un-  ^^ 
der  a  well-ventilated  hood  or  in 
the  open  air. 

187.  Properties  of  hydrogen 
sulfide.  This  gas  is  colorless  and 
a  little  heavier  than  air.  It  is 
fairly  soluble  in  water,  which  en- 
ables us  to  use  it  in  the  labora- 
tory as  a  solution.  In  pure  form 
it  acts  as  a  poison,  and  even  when 
diluted  with  considerable  air  it 
causes  headache  and  nausea ;  but 
fortunately  its  obnoxious  smell  gives  warning  of  its  presence. 

The  gas  readily  bums  with  a  bluish  flame,  forming  water  and 
sulfur  dioxide : 

2  H2S  +  3  O2  — ^  2  H2O  +  2  SO2 

When  it  bums  in  a  bottle  the  supply  of  oxygen  is  not  sufficient 
to  combine  with  both  the  sulfur  and  the  hydrogen ;  hence  the 
hydrogen  and  only  a  part  of  the  sulfur  bum : 

2  H2S  +  O2  — ^  2  H2O  +  2  S 

The  compound  is  not  very  stable.     This  can  be  demonstrated 
by  holding  a  cold  porcelain  dish  in  the  hydrogen  sulfide  flame 


Fig.  109.    Hydrogen  sulfide 
generator. 
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(Fig.  110).  The  dish  shows  a  yellow  spot  due  to  the  sulfur 
which  is  condensed  on  its  surface.  The  gas  in  the  interior  of 
its  own  flame  was  decomposed  by  heat  into  its  constituent 
elements. 

A  water  solution  of  the  gas  is  a  very  weak  acid  known  as 
hydrosulfuric  acid;    it  has  about  the  same  effect  on  Utmus 

paper  as  carbonic  acid  (H2CO3).     A  salt 

results  from  neutralizing  hydrosulfuric  acid 
with  a  base.  This  salt  is  called  a  sulfide, 
and  can  be  obtained  by  evaporating  the 
solution. 

188.  The  use  of  hydrogen  sulfide  in  the 
laboratory.     Because  of  its  action  on  me- 
tallic solutions,  hydrogen  sulfide  is  used  as 
one  of  the  reagents  in  analytical  chemistry. 
"XL  _  The  metallic    sulfides  which   are   formed 

Fig.  1 10.  Hydrogen  pul-    ^^^e  such  characteristic  colors  that  they 
fide   flame    deposits    furnish  a  convenient  test  for  the  presence 

sulfur  on  a  cold  dish,     ^j  ^j^^  ^^^^j^ 

Let  us  experiment  with  three  solutions:  (1)  Dissolve  a  little  lead 
acetate  (Pb (€211802)2)  in  some  water  in  a  test  tube.  (2)  Dissolve 
a  bit  of  white  arsenic  (As20»)  in  a  few  drops  of  hydrochloric  acid 
and  then  add  water.  (3)  Dissolve  a  small  quantity  of  antimony 
salt  (tartar  emetic)  in  water.  Now  pass  a  few  bubbles  of  hydrogen 
sulfide  through  each  solution  in  turn.  In  the  first  test  tube  we  get  a 
black  precipitate  (PbS),  in  the  second  a  yellow  precipitate  (AsjSg), 
and  in  the  third  a  red  precipitate  (SbjSa). 

Thus  we  see  that  certain  metallic  sulfides  which  are  insoluble 
in  water  or  dilute  acids  can  be  prepared  by  passing  hydrogen 
sulfide  into  an  aqueous  solution  of  the  metaUic  salt. 

We  shall  now  prepare  dilute  solutions  of  copper  sulfate  (CUSO4), 
iron  sulfate  (FeS04),  and  potassium  sulfate  (K2SO4),  and  shall  then 
pass  a  few  bubbles  of  hydrogen  sulfide  into  each.  We  get  a  black 
precipitate  in  the  copper  solution  and  no  precipitate  in  the  other  two. 

If  we  add  a  few  drops  of  ammonia  water  to  these  solutions,  we  get  a 
black  precipitate  in  the  iron  solution  but  nothing  in  the  potassium  solution. 
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In  this  experiment  we  note  that  copper  sulfide  (CuS)  C£in  be 
precipitated  in  an  acid  aolution,  iron  sulfide  (FeS)  in  an  alka- 
line solution,  and  that  potassium  sulfide  is  precipitated  in 
neither  acid  nor  alkaline  solutions.  This  furnishes  a  means  of 
separating  copper,  iron,  and  potassium.  The  following  equa- 
tion will  help  us  to  understand  this  reaction  : 


CuSO*  -I-  HjS 


-  CuS  i  -H  H,S04 


In  the  case  of  iron  sulfate  we  have  a  reversible  reaction : 
FeSO*  -I-  HjS  :f^  FeS  -|-  HjSO, 

The  iron  sulfide  is  acted  upon  by  the  dilute  sulfuric  acid.  But 
by  adding  ammonia  we  neutralize  this  acid  and  thus  allow  the 
iron  sulfide  to  form. 

Some  metals,  hke  silver  and  lead,  react 
directly  with  hydrogen  sulfide  to  form  the 
metallic  sulfide.  The  tarnishing  of  silver 
in  the  household  is  probably  due  to  the 
hydrogen  sulfide  which  comes  from  slight 
leaks  in  gas  pipes  and  from  the  bumii^ 
of  coal.  Illuminating  gas  is  supposed  to 
be  free  from  this  gas,  but  it  usually  con- 
tains a  trace  of  it. 

189.  Carbon  disulfide  (CSj).    We  have 
already  seen  (§  182)  that  this  is  a  valuable   . 
solvent  because  it  dissolves  sulfur,  rubber,   i 
and  other  substances  which  are  not  sol-   i 
uble  in  water.    It  is  manufactured  from 
coke  and  sulfur : 


C+2S- 


-CS, 


The  reaction  requires  a  very  high  temperature,  which  is  usually 
obtained  commercially  in  an  electric  furnace  (Fig.  111).  The 
main  part  is  filled  with  coke,  and  the  sulfur  is  added  through 
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the  hoppers.  The  electric  tenninals  are  near  the  bottom. 
The  heat  generated  vaporizes  the  sulfur,  which  unites  with  the 
hot  carbon  to  form  carbon  disulfide. 

Carbon  disulfide  is  a  colorless,  heavy  liquid  which  boils  at 
46°  C.  When  pure  the  liquid  is  said  to  have  a  pleasant  smell, 
but  it  undergoes  sUght  decom- 
position, which  gives  it  a  very- 
disagreeable  odor.  It  is  very  in- 
flammable. Its  vapors  mixed  with 
air  are  explosive,  and  conseguently 
no  flame  should  be  near  when  car- 
bon disulfide  is  being  used. 

Besides  being  valuable  as  a 
solvent,  it  is  useful  in  extermi- 
nating ants  and  other  insect 
pests.  It  has  also  been  em- 
ployed to  destroy  the  prairie 
dog,  as  well  as  rats  and  mice. 

190.  Use  of  sulfur  in  making 
rubber.  The  Indian-rubber  tree 
(Fig,  112),  chiefly  grown  in  the 
tropics,  furnishes  a  milky  juice, 
which  is  made  into  crude  rub- 
ber by  a  rather  primitive  sort 
of  evaporation.  This  material, 
called  caoutchouc,  is  essentially 
a  compound  of  hydrogen  and 
carbon.  It  is  soft,  elastic,  but 
unsuitable  for  most  purposes  be- 
cause it  very  gradually  oxidizes  in  the  air  and  forms  a  brittle 
substance.  When  mixed  with  10  per  cent  of  sulfur  and  certain 
metallic  compounds  and  then  heated  out  of  contact  witli  the 
air  to  about  150°  C,  it  becomes  stiffer,  more  elastic,  and  much 
more  durable.  This  process  of  vulcanizing  produces  the  com- 
mercial article  called  rubber. 


Fig.  III.    Rubber  tr«e  in 

The   Dativea  uather  the   lat^i, 
"juioe,"  that  hoa  run  in  24  hou 
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Hard  rubber,  also  called  vulcanite,  is  obtained  when  caout- 
chouc is  mixed  with  from  30  to  50  per  cent  of  sulfur  and  then 
heated  to  a  temperature  about  30  degrees  higher  than  that 
appUed  in  making  the  soft  vulcanized  rubber.  Hard  rubber  is 
used  in  the  manufacture  of  such  articles  as  buttons  and 
fountain  pens;  it  is  also  a  valuable  insulating  material  for 
electrical  machinery. 

It  has  been  found  possible  to  prepare  an  artificial  rubber  which  is 
almost  identical  with  the  natural  variety.  The  process,  however,  is 
expensive,  and  the  raw  materials,  such  as  potato  starch  or  turpentine, 
are  not  cheap  enough.  The  result  is  that  large  rubber  manufacturers 
are  laying  out  extensive  rubber  plantations  in  tropical  coimtries  in  order 
to  increase  the  supply  of  available  rubber. 

191.  Comparison  of  stilfur  and  oxygen.  Although  sulfur 
and  oxygen  seem  very  unlike  in  their  physical  characteristics, 
yet  in  their  chemical  behavior  they  are  somewhat  similar.  Both 
imite  with  hydrogen  to  form  a  compound  containing  two  atoms 
of  the  latter  element;  that  is,  both  are  divalent.  Oxygen 
unites  with  hydrogen  much  more  readily  and  vigorously  than 
does  sulfur,  but  the  reactions  are  similar  in  both  cases : 

2  Ha  +  O2  — >-  2  H2O 

H2  ~l~  S      >  H2S 

Both  elements  combine  with  many  metals,  forming  on  the  one 
hand  sulfides,  on  the  other  oxides.  The  reactions  in  the  case 
of  copper  will  serve  as  an  illustration : 

2  Cu  +  O2  — >-  2  CuO 

Cu  +  S  — ^  CuS 

The  sulfides  and  oxides  resemble  each  other  somewhat  in  re- 
gard to  their  physical  properties,  such  as  solubility  in  water, 
etc.  We  shall  find  additional  cases  later  on  in  which  elements 
resemble  each  other  much  as  do  sulfur  and  o^'j^^tl* 
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SUMMARY  OF  CHAPTER  XVH 

SULFUR  is  found  in  a  free  state ;  also  in  sulfides  and  sulfates. 

In  Sicily  it  is  melted  away  from  rocky  material. 

In  Louisiana  it  is  melted  underground  by  superheated  water 
and  forced  to  the  surface. 

COMMERCIALLY,  sulfur  is  sold  as  flowers  of  sulfur  and  as 
roll  or  lump  sulfur. 

ALLOTROPIC  FORMS  of  sulfur  include  the  rhombic,  the 
prismatic,  and  the  amorphous. 

The  rhombic  form  is  the  stable  form ;  it  melts  at  114^  C.  and 
boils  at  446°  C.  It  is  about  twice  as  heavy  as  water,  insoluble  in 
water,  soluble  in  carbon  disulfide. 

SULFUR  BURNS  in  air,  forming  sulfur  dioxide.  It  combines 
directly  with  a  number  of  elements,  forming  sulfides. 

SULFUR  IS  USED  in  the  manufacture  of  gunpowder,  lime- 
sulfur  spray,  carbon  disulfide,  sulfur  dioxide,  sulfuric  acid,  and  in 
vulcanizing  rubber. 

HYDROGEN  SULFIDE  is  formed  in  nature  by  the  decay  of 
organic  matter  containing  sulfur;  it  also  occurs  in  volcanic  gases 
and  in  the  water  of  sulfur  springs. 

In  the  lahoratoryy  hydrogen  sulfide  is  prepared  by  the  action  of 
dilute  hydrochloric  or  sulfuric  acid  on  iron  sulfide. 

PROPERTIES  OF  HYDROGEN  SULFIDE:  a  colorless  gas 
with  a  characteristic  unpleasant  odor,  fairly  soluble  in  water, 
heavier  than  air.  It  bums  in  an  abundance  of  air  to  form  water 
and  sulfur  dioxide,  but  in  a  limited  supply  of  air  it  forms  water  and 
sulfur. 

The  water  solution  is  called  hydrosulfuric  acid;  it  is  a  weak 
acid  and  forms  sulfides  with  most  metallic  solutions.  Used  in 
chemical  analysis  to  separate  metals. 

Questions  and  Problems 

1.  Describe  how  you  would  proceed  to  prove  a  yellow  powder  to 
be  sulfur. 

2.  What  proi)erties  have  the  allotropic  forms  of  sulfur  in  com- 
mojx? 
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3.  Write  the  names  and  formulas  of  four  metallic  sulfides  and  of 
the  corresponding  oxides. 

4.  Given  that  22.4  liters  of  air  weigh  about  29  grams.  From  the 
formula  of  hydrogen  sulfide  compute  its  molecular  weight  and  compare 
its  density  with  that  of  air. 

5.  If  two  liters  of  hydrogen  sulfide  are  burned  with  an  abundance 
of  air,  how  many  liters  of  sulfur  dioxide  will  be  formed?  What  law 
is  applied  here? 

6.  Write  the  equations  for  the  following  reactions : 

(a)  lead  nitrate  (Pb(N0s)8)  and  hydrogen  sulfide; 

(&)  silver  nitrate  (AgNOs)  and  hydrogen  sulfide ; 

(c)  zinc  chloride  (ZnCls)  and  sodium  sulfide ; 

(d)  copper  chloride  (CuClj)  and  hydrogen  sulfide. 

7.  Would  you  expect  hydrosulfuric  acid  to  be  a  good  conductor 
of  electricity? 

8.  Write  the  equations  for  making  silver  sulfide  in  three  different 
ways. 

9.  How  many  liters  of  hydrogen  sulfide  (standard  conditions) 
can  be  prepared  from  500  cc.  of  hydrochloric  acid  with  an  excess  of 
iron  sulfide?  Assume  the  hydrochloric  acid  contains  40%  HCl  by 
weight  and'  has  a  density  of  1.2  grams  per  cubic  centimeter. 

10.  How  many  grams  of  iron  sulfide  are  needed  to  give  with  dilute 
sulfuric  acid  5  liters  of  hydrogen  sulfide  at  15°  C.  and  60  cm.  ? 

11.  Carbon  disulfide  is  burned  in  air  so  that  1  liter  of  carbon  dioxide 
is  formed.     How  many  liters  of  sulfur  dioxide  are  produced? 

12.  When  hydrogen  sulfide  is  passed  into  zinc  sulfate  solution,  the 
reaction  is  reversible.     How  would  you  make  it  complete? 

13.  What  is  meant  by  saying  that  hydrosulfuric  acid  is  weak? 

14.  Write  as  an  ionic  equation  the  reaction  of  copper  sulfate  and 
hydrogen  sulfide. 


Topic  for  Further  Study 

Rubber.     When  was  rubber  first  used?     Why  has  it  become  so 

important  during  the  last  twenty  years?     How  can  rubber  be  made 

synthetically?     What  is  the  difference  between  plantation  and  native 

rubber?     {Slosson's  Creative  Chemistry,  Tilden's  Chemical  Discovery 

and  Invention,  B.  F.  Goodrich  Co.* 9  Wonder  Book  of  Rubber.) 
o 


CHAPTER  XVIII 

OXIDES  OF  SULFUR  AND  THEIR  ACIDS 

Sulfur  dioxide  —  preparation  and  properties.  Sulfurous 
acid  —  its  uses  —  sulfites  and  bisulfites. 

Sulfur  trioxide  —  preparation  and  properties.  Manufac- 
ture of  sulfuric  acid  —  properties  of  concentrated  and 
dilute  —  sulfates  —  test   for   SO4  ion. 

Acid  and  basic  anhydrides. 

Sulfur  Dioxide  and  Sulfurous  Acid 

192.  Preparation  of  sulftir  dioxide.    We  have  already  seen 
that  sulfur  bums  in  the  air  and  forms  an  oxide  known  as  sulfur 

dioxide  (SO2).  This  gas  has  a  chok- 
ing effect  familiarly  known  as  "  the 
smell  of  burning  sulfur."  The  equa- 
tion is  as  follows : 


S  +  O2 


SO 


2 


Fig.  113.    Preparation  of  sulfur 
dioxide. 


One  method  of  preparing  it 
commercially  consists  in  heating 
strongly,  or  roasting  in  air,  a  me- 
tallic  sulfide  such  as  pyrite  (FeSa) 
or  zinc  blende  (ZnS),  which  gives 
the  oxide  of  the  metal  as  well  as 
sulfur  dioxide : 

2  ZnS  +  3  O2  — ^  2  ZnO  +  2  SO2 


To  prepare  sulfur  dioxide  free  from  nitrogen  and  excess  of 

air,  we  may  slowly  drop  hydrochloric  acid  on  crystals  of  sodium 

hydrogen  sulfite  (Fig.  113) : 
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NaHSO,  +  HCl  - 


-  NaCl  +  H,SO, 
-HsO  +  SO,t 


This  reaction  is  simply  a  case  of  double  decomposition,  in  fl*ich 
one  product,  the  sulfurous  acid  (HiSOt),  is  unstable  and  breaks 

up  into  water  and  sulfur  dioxide,  as  shown  in  the         

second  equation.  Another  laboratory  method  con- 
sists in  heating  together  concentrated  sulfuric  acid 
and  copper.  The  products  of  this  reaction  are  cop- 
per sulfate,  water,  and  sulfur  dioxide.  The  reac- 
tion is  complicated,  but  the  following  equation 
represents  the  total  change  involved  r 


Cu  +  2  H,S04  — »-  CuSO,  +  2  H2O  4 


>»t 


kQiqmdFI' 


193.  Properties  of  sulfur  dioxide.  This  gas  is 
colorless  but  has  a  characteristic  sharp  taste  and 
odor.  It  is  more  than  twice  as  heavy  as  air  (mol. 
wt.  SOi  =  64 ;  22.4  hters  of  air  weigh  29  g.),  and  is 
one  of  the  most  easily  Uquefied  gases  known.  Under 
ordinary  pressure  the  Uquefied  gas  boils  at  —8°  C. 
At  room  temperatures  the  hquid  may  be  kept  in 
stout  glass  bottles  or  metal  cyhnders  (Fig.  114)  be-  ^^^c"'  !^ 
cause  the  pressure  is  only  three  or  four  atmospheres,  talner  for 
The  gas  is  very  soluble  in  water,  does  not  bum,  idT*"  "^ 
and  will  not  support  combustion. 

194.  Sulfurous  add.  Sulfur  dioxide  not  only  dissolves 
in  water,  but  also  combines  with  water  to  form  an  acid  known 
as  sulfurous  acid  (HjSOj).  When  the  water  solution  is  heated, 
the  acid  breaks  up  into  water  and  sulfur  dioxide.  Thus  the 
reaction  is  reversible : 


H^-|-SOa  = 


sHiSO, 


This  compound,  sulfurous  acid,  is  so  unstable  that  it  is  im- 
possible to  separate  it  from  the  water  in  which  it  is  dissolved. 
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In  fact,  the  main  reason  why  we  believe  that  it  exists  is,  that 
the  salts  of  the  acid  can  be  prepared.  Thus  the  acid  solution, 
when  neutralized  by  sodium  hydroxide,  gives,  on  evaporation, 
a  substance  which  corresponds  to  the  formula  Na^SOs.  This 
would  indicate  the  following  equation : 

2  NaOH  +  H2SO3  — ^  NaaSOs  +  2  H2O 

sodium  Erulfurous  '  sodium  water 

hydroxide  acid  sulfite 

Sulfurous  acid  does  not  keep ;  it  slowly  absorbs  oxygen  from 
the  air  and  changes  into  sulfuric  acid.  This  change  is  ex- 
pressed by  the  equation : 

2H2SO3  +  O2— ^2H2S04 

sulfurous  oxygen  sulfuric 

acid  acid 

On  account  of  the  readiness  with  which  it  combines  with  the 
oxygen  from  other  compounds,  sulfurous  acid  is  a  powerful 
reducing  agent. 

For  example,  potassium  permanganate  (ICMn04)  is  a  substance 
very  rich  in  oxygen.  We  dissolve  a  crystal  in  water,  getting  a  deep 
violet  solution.  We  now  pour  this  colored  liquid  into  some  sulfurous^ 
acid  solution.  The  result  is  that  the  color  is  instantly  removed  be- 
cause the  sulfurous  acid  has  taken  some  of  the  oxygen  from  the  per- 
manganate, leaving  colorless  compounds  in  solution. 

196.  Uses  of  sulfur  dioxide.  The  moist  gas 
(that  is,  sulfurous  acid)  is  used  to  bleach  straw, 
silk,  and  wool  —  materials  which  cannot  be 
bleached  with  chlorine  because  they  become  hard 
and  brittle.  The  'bleaching  effect  disappears 
after  a  time,  however,  and  hence  materials 
Fig.  1x5.  Bleach-  bleached  by  sulfur  "  yellow  with  age." 

ing  flowers  with 

sulfur  dioxide.  mi  .  -,■,■,        t     »  ■* 

This  property  can  be  shown  by  placing  a  number 

of  moist  colored  flowers  near  burniiig  sulfur  and  then  covering  the  whole 

with  a  glass  bell  jar  (Fig.  115).     After  a  short  time  the  flowers  become 

white. 
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Such  foods  as  dried  fruits  and  canned  com  and  cherries  are 
sometimes  bleached  with  sulfurous  acid.  The  acid  also  has  anti- 
septic properties  and  will  prevent  the  fermentation  of  sugar, 
sweet  cider,  and  preserves  of  various  kinds.  Its  use  as  a  food 
preservative  is,  however,  questionable.  That  it  is  decidedly 
injiuious  to  plant  life  is  evident  from  the  blighted  vegetation 
in  the  vicinity  of  smelters  and  chemical  works  where  this  gas 
is  allowed  to  escape. 

By  far  the  most  important  use  of  sulfur  dioxide  is  in  the 
manufacture  of  sulfuric  acid. 

196.  Sulfites  and  bisulfites.  When  sulfurous  acid  is  neu- 
traUzed  by  a  base,  the  salt  produced  is  called  a  sulfite. 
If  an  excess  of  sulfur  dioxide  is  passed  into  the  solutions 
of  the  bases,  the  acid  sulfite,  or  bisulfite  (NaHSOs),  is 
formed.    Thus: 

NaOH  +  H2SO3  — ^  NaHSOs  +  H2O 

In  the  acid  sulfites,  or  bisulfites,  there  is  one  hydrogen  atom 
which  has  not  been  replaced,  while  in  the  sulfite  all  the  hydro- 
gen atoms  have  been  replaced. 

Acids  Uke  carbonic  acid  (H2CO3),  hydrosulfuric  acid  (H2S), 
sulfurous  acid  (H2SO3),  and  sulfuric  acid  (H2SO4)  which  have 
two  replaceable  hydrogen  atoms  in  each  molecule  are  called 
dibasic  acids.  Hydrochloric  acid  and  nitric  acid  (HNO3) 
each  have  but  one  replaceable  hydrogen  atom  per  molecule 
and  so  are  monobasic  acids.  Phosphoric  acid  (H3PO4)  is  a 
tribasic  acid.  The  acid  salt  may  be  made  by  treating  the  acid 
with  only  half  enough  base  to  neutraUze  it,  or  by  adding  an 
excess  of  acid  to  the  normal  salt. 

197.  Use  of  bisulfite  in  making  paper.  When  calcium 
hydroxide,  or  slaked  lime  (Ca(0H)2),  is  treated  with  an  excess 
of  sulfm^ous  acid,  the  product  is  calcium  bisulfite  (Ca(HS03)2). 
This  reaction  is  as  follows : 

Ca(0H)2  +  2  HgSOj  — ^  Ca(HS03)2  +  2  H^O 
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In  making  the  cheaper  varieties  of  paper,  wood  is  cut  into 
chips  and  "  cooked  "  with  a  solution  of  calcium  bisulfite.  This 
dissolves  out  the  objectionable  constituent  (Ugnin)  of  the  wood, 
leaving  the  pure  cellulose,  which  is  the  material  desired  for 
making  paper. 

Sulfur  Trioxidb  and  Sulfuric  Aero 

198.  Preparation  of  sulfur  trioxide.    It  is  possible  to  make 

sulfur  dioxide,  when  heated,  combine  with  oxygen  to  a  slight 

extent  to  form  sulfur  trioxide   (SO3).    But  this  reaction  is 

exceedingly  slow.    The  rapid  combination  of  sulfur  dioxide 

and  oxygen  can  be  effected  by  the  same  catalyst  that  was  used 

for  the  union  of  oxygen  and  hydrogen  (§  36),  namely,  finely 

divided  platinum.    The  reaction,  which   is  reversible,  is  as 

follows : 

2  SO2  +  O2  =F=^  2  SO3      . 

At  about  400°  C.  nearly  all  of  the  two  gases  unites,  but  above 
that  temperature  the  reverse  action  sets  in. 

To  illustrate  this  reaction  one  form  of  apparatus  is  shown  in  figure 
116.  We  first  place  some  platinized  asbestos  *  in  a  hard-glass  tube. 
We  burn  the  sulfur  at  S  and  draw  the  mixture  of  sulfur  dioxide  and 
air  through  the  plug  Pt  of  the  platinized  asbestos  by  means  of  an  as- 
pirating arrangement.  The  plug  is  gently  warmed.  The  resulting 
trioxide  may  be  condensed  by  placing  the  large  test  tube  in  a  freezing 
mixture. 

199.  Properties  of  sulfur  trioxide.  Sulfur  trioxide  is  a  color- 
less Uquid,  which  solidifies  at  about  15°  C.  and  boils  at  about 
46°  C.  It  exists  in  two  allotropic  forms ;  one  is  the  Uquid  just 
mentioned,  the  other  is  a  white  crystalline  solid  which  sublimes 
without  melting.    Sulfur  trioxide  combines  readily  with  water, 

*  Clean  asbestos  is  dipped  into  a  rather  concentrated  solution  of  platinic 
chloride  and  then  ignited  over  the  Bunsen  flftifiet  leaving  finely  divided  platinum 
throughout  the  asbestos. 
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forming  sulfuric  acid.    If  the  trioxide  is  thrown  into  water  it 
diasolves  with  the  evolution  of  much  heat : 


200.  Manufacture  of  sulfuric  acid.  Enormous  quantities 
of  this  acid  are  manufactured  all  over  the  world  for  use  in  a 
great  variety  of  industries.    At  the  present  time  there  are  two 


Hg.  tit.    Hakiag  lulfur  tTlozId«  by  the  contact 


methods  of  manufacture  :  the  contact  process  and  the  chamber 
process.  In  both  processes  the  first  step  is  the  same,  namely, 
burning  sulfur  or  roasting  a  metallic  sulfide  to  get  sulfur  dioxide. 
The  chief  difficulty  comes  in  the  next  step ;  that  is,  in  making 
sulfur  dioxide  into  sulfur  trioxide.  This  is  overcome  by  using 
a  catalyst,  and  here  is  where  the  principal  difference  between 
the  two  processes  lies.  In  the  contact  process  the  catalyst  is 
usually  iron  oxide  which  is  kept  at  a  definite  temperature.  In 
the  chamber  process  the  chemical  changes  are  very  compli- 
cated ;  the  sulfur  dioxide  is  changed  to  sulfuric  acid  by  the  use 
of  steam,  oxides  of  nitrogen,  and  air.  The  apparatus  is  so  ar- 
ranged that  the  oxides  of  nitrogen  cannot  escape  and  are  used 
over  and  over  again. 
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Id  the  contact  process  (Fig.  117)  tlie  catalytic  agent  is  ferric  oxide 
or,  as  in  our  experiment,  finely  divided  platinum.  When  prepared 
commercially  the  mixture  of  sulfur  dioxide  and  air  ia  carefully  freed 
from  dust  and  other  impurities ;  for  unless  these  are  removed  from  the 
gases  the  platinum  soon  loses  its  catalytic  power.  The  temperature 
must  also  be  carefully  regulated  and  kept  at  400°  C. ;  if  it  falls  below 
that  point  the  reaction  is  too  slow,  and  if  it  rises  above  it  the  reverse 
reaction  sets  in.  Finally,  the  sulfur  trioxide  is  absorbed  in  oonoea- 
trated  sulfuric  acid  instead  of  in  water  because  It  has  a  great  tendency 
to  pass  through  the  latter  in  the  form  of  a  mist,  or  fi^,  which  cannot 
be  cai^ht.  The  resulting  acid  is  called  fuming  sulfuric  acid ;  this  is 
essentially  a  solution  of  sulfur  Irioxide  in  concentrated  sulfuric  aoid. 


ng.  117.    OUgram  of  the  contact  pioceH  tot  maUiig  luUurlc  add. 

On  dilution  with  water  the  sulfur  trioxide  combines  with  the  water 
and  produces  sulfuric  aoid. 

In  the  choKiber  process  (Fig.  118)  the  oxides  of  nitrogen  are  used 
as  the  catalytic  agent.  The  sulfur  dioxide  is  oxidized  to  sulfur  trioxide 
by  the  aid  of  nitrogen  dioxidti  (NOi),  a  brown  gas.  The  latter  sub- 
stance (NOj)  is  reduced  to  nitric  oxide  (NO),  but  this  in  turn  takes 
oxygen  from  the  air  to  form  the  higher  oxide  of  nitrogen  again.  Thus 
the  nitric  oxide,  by  being  alternately  oxidized  by  the  air  and  reduced 
by  the  sulfur  dioxide,  acts  as  a  carrier  of  oxygen.  The  reaction  is 
carried  out  in  large  lead  chambers.  To  aid  in  this  process,  as  well  as 
to  furnish  the  necessary  water  to  convert  sulfur  trioxide  into  sulfurio 
aoid,  steam  is  blown  into  the  lead  chambers. 

In  practice  the  gases  from  the  sulfur  or  pyrite  burners  pass  through 
a  tower  (Glover),  which  serves  to  cool  the  gases  and  to  charge  them 
with  oxides  of  nitrogen.  From  the  last  of  the  series  of  chambers  the 
gases  pass  throi^h  another  tower  (Gay-Lussac),  in  which  the  oxides 
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of  nitrogen  are  absorbed  in  conoentrated  sulfuric  acid.  This  acid  is 
tlieu  pumped  to  the  top  of  the  first  tower,  where  it  ia  diluted  and  gives 
up  the  oxides  of  nitrogen. 

The  acid  which  eolleots  in  the  etuunbers  is  only  about  60  per  cent 
pure  hydrogen  sulfate.  The  chamber  process  is  the  older  method 
and  ia  atiU  lued  extensively  for  making  the  less  oonceatrated  grades 
of  sulfuric  acid. 

201.  Properties  of  concentrated  sulfuric  acid.  Pure  sul- 
furic acid  is  a  colorless,  oily  liquid  about  twice  as  heavy  as 


Kg.  iiS.    DlaEram  of  tho  chambei  piocess  for  making  sulfuric  acid. 

water.  Commercially  it  is  known  as  oil  of  vitriol  because  it 
was  formerly  made  by  distilling  green  vitriol  (FeSOi  ■  7  HsO). 
It  boils  at  a  high  temperature  (338°  C.)  and  is  an  exceedingly 
corrosive  substance.  If  spilled  on  the  skin  it  produces  bad 
bums.  It  mi:Ka  with  water  in  all  proportions,  evolving  a  large 
amount  of  heat.  Since  the  concentrated  acid  has  a  great 
affinity  for  water  it  is  used  for  drying  many  gases. 

Closely  connected  with  this  avidity  for  water  is  the  dehydrat- 
ing action  of  the  acid.  It  will  remove  hydrogen  and  oxygen  in 
the  form  of  water  from  many  substances  which  contain  those 
elements. 

To  show  the  action  of  sulfuric  acid  on  paper,  which  is  largely  cellu- 
lose (CtHuOi),  we  write  with  a  glass  rod  and  some  dilute  sulfuric  acid 
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upon  white  paper.  We  dry  the  paper  carefully  by  holding  it  at  some 
distance  above  the  Bunsen  flame.  Where  there  is  writing  the  paper 
turns  black  and  charred  (Fig.  119)  because  the  dilute  acid  becomes  con- 
centrated through  the  evaporation  of  the  water. 


Hot  concentrated  sulfuric  acid  is  an  oxidizing  agent, 
reduced  to  sulfur  dioxide  and  water  by  many  substances, 
example,  if  carbon  is  boiled  in  it  the  carbon  is  oxidized : 


It  is 
For 


2  H2SO4  +  C 


2  SO2  +  2  H2O  +  CO2 


K  metals,  such  as  silver,  copper,  and  mercury,  are  used,  they 

are  converted  into  sulfates; 
and  sulfur  dioxide  is  liber- 
ated. 

202.  Action  with  salts.  On 
account  of  ita  high  boiling 
point,  concentrated  sulfuric 
acid  is  used  in  preparing  the 
more  volatile  acids,  such  as 
hydrochloric  and  nitric  acids. 
For  example,  to  make  hydro- 
chloric acid  we  use  the 
cheapest  chloride,  common 
salt: 

NaHS04  +  HCl  t 


Fig.  Z19.    Charring  paper  with  sulfuric 

acid. 

NaCl  +  H2SO4 


The  hydrogen  chloride  is  a  gas  at  room  temperatures.  It  will 
be  noted  that  in  the  above  equation  sodium  hydrogen  stdfate  (NaHS04) 
is  one  of  the  products;  but  if  we  take  twice  as  much  salt  and  heat 
the  salt  and  acid  to  a  higher  temperature,  we  get  twice  as  much  hydro- 
chloric acid.  This  is  done  on  a  commercial  scale ;  the  equation  was 
given  in  section  119. 

To  make  nitric  acid  we  use  the  cheapest  of  the  nitrates,  sodium 
nitrate  (NaNOs) : 


NaNOs  +  HaS04 


NaHS04  +  HNQ»t 
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The  nitric  acid  is  volatile  at  86**  C.  If  we  double  the  quantity  of  so- 
dium nitrate  and  heat  it  to  a  higher  temperature,  the  nitric  acid  decom- 
poses ;  so  the  actual  quantity  of  nitric  acid  produced  is  not  doubled. 

203.  Dilute  sulfuric  acid.  Great  care  must  be  taken  in 
diluting  sulfuric  acid  because  a  large  amount  of  heat  is  gen- 
erated. We  pour  the  concentrated  add  in  a  small  stream  into  the 
watery  not  the  water  into  the  acid.  When  diluted  with  con- 
siderable water,  sulfuric  acid  is  a  strong  acid ;  that  is,  it  is 
largely  dissociated  into  ions : 

H2SO4  — ^  2  H+ +  SO4— 

It  reacts  with  such  metals  as  zinc,  iron,  and  aluminum,  forming 
free  hydrogen  and  the  sulfates  of  the  metal.  It  can  be  neu- 
tralized with  bases,  forming  salts.  Dilute  sulfuric  acid  has  no 
avidity  for  water,  is  not  an  oxidizing  agent,  and  obviously 
cannot  be  used  for  such  purposes  as  preparing  hydrogen  chloride. 
In  all  these  respects  it  differs  from  the  concentrated  acid ;  this 
distinction  should  be  carefully  noted. 

204.  Sulfates.  The  salts  of  sulfuric  acid  which  contain  no 
hydrogen  are  called  sulfates;  the  salts  which  still  have  one 
atom  of  hydrogen  are  called  bisulfates  or  acid  sulfates.  The 
suKates  of  many  metals  are  very  important  and  are  in  common 
use.  Thus,  plaster  of  Paris  is  partly  hydrated  calcium  sulfate 
(2  CaS04  •  H2O) ;  Epsom  salt  is  hydrated  magnesium  sulfate 
(MgS04  •  7  H2O) ;  the  bluestone  used  in  batteries  is  hydrated 
copper  sulfate  (CUSO4  •  5  H2O).  They  are  for  the  most  part 
crystalline  solids  which  are  .soluble  in  water.  The  sulfates 
of  barium^  strontium,  calcium,  and  lead  are  insoluble. 

The  test  for  a  sulfate,  that  is,  for  the  SO4  ion,  is  the  addition 
of  a  soluble  barium  salt  (such  as  the  nitrate)  to  the  solution  in 
question.  If  a  white  precipitate  is  formed  which  is  insoluble 
in  both  hydrochloric  and  nitric  acid,  a  sulfate  is  present : 

Ba(N03)2  +  Na2S04  — ^  BaS04  i  +  2  NaNOs 
Ba  ++  -h  SO4--  — ^  BaS04 1 
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2p6.  Uses  of  sulfuric  acid.  Concentrated  sulfuric  acid  is 
employed  as  a  drying  agent  both  in  the  laboratory  and  in  the 
industries.  In  enormous  quantities  it  enters  into  the  manu- 
facture of  dyes  and  into  the  production  of  a  nmnber  of  organic 
substances  which  serve  as  explosives.  Because  of  its  high 
boiling  point  it  is  used  in  the  laboratory  for  the  preparation  of 
other  acids  from  their  salts.  The  dilute  acid  is  used  in  storage 
batteries  and  in  electroplating;  also  in  cleaning  the  surfaces 
of  many  metals.  Large  amounts  are  consumed  in  the  fertilizer 
industries.  On  account  of  its  varied  and  extensive  uses,  sulfu- 
ric acid  may  be  considered  as  one  of  the  foundation  stones  of 
modem  civilization.     (See  Industrial  Chart,  p.  205.) 

206.  Acid  anhydrides.  The  two  oxides  of  sulfm*  (SO2  and 
SO3)  react  with  water  to  produce  sulfurous  and  sulfuric  acid 
respectively.  An  oxide  which  combines  with  water  to  form  an 
acid  is  often  called  an  acid  anhydride.  Another  example  is 
carbon  dioxide,  which  reacts  with  water 'to  form  carbonic  acid 
(H2CO3).  Carbonic  acid,  like  sulfurous  acid,  is  imstable  and 
on  heating  goes  back  into  the  anhydride.  The  reaction  is 
therefore  reversible : 

H2O  +  CO2  =:?=^  H2CO3 

Another  acid  anhydride  is  the  white  oxide  obtained  by  burn- 
ing phosphorus  in  air.  This  combines  with  water  to  form 
phosphoric  acid,  which  like  sulfuric  acid  is  stable  and  does  not 
easily  revert  to  the  anhydride  : 

P2O6  +  3  H2O  — >-  2  H3PO4 

The  oxides  of  such  elements  as  are  not  metals  (and  are 
therefore  sometimes  called  nonmetals)  are  acid  anhydrides. 
The  oxides  of  the  metals,  on  the  other  hand,  unite  with  water 
to  form  bases.  For  example,  calcium  oxide  reacts  with  water 
to  form  calcium  hydroxide  : 

CaO  +  H2O  — ^  Ca(OH)a 
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206  OXIDES  OF  SULFUR  AND   THEIR  ACIDS 

This  difference  in  the  behavior  of  the  oxides  of  the  nonmetals 
and  metals  is  often  indicated  by  calling  the  former  acidic 
oxides  and  the  latter  basic  oxides. 


SUMMARY  OF  CHAPTER  XVm 

SULFUR  DIOXIDE  IS  PREPARED  by  — 

(1)  burning  sulftir  or  by  roasting  sulfides; 

(2)  the  action  of  hydrochloric  acid  on  bisulfites; 

(3)  the  action  of  hot  concentrated  sulfuric  acid  on  copper. 

SULFUR  DIOXIDE  is  a  colorless,  choking  gas  which  is  more 
than  twice  as  heavy  as  air.  It  is  very  soluble  in  water.  The 
water  solution  contains  sulfturous  acid. 

SULFUROUS  ACID  is  unstable.  It  is  a  reducing  agent.  It 
has  bleaching  and  antiseptic  properties.  It  forms  two  classes  of 
salts,  sulfites  and  bisulfites. 

An  acid  which  hast  wo  replaceable  hydrogen  atoms  is  called  dibasic. 

SULFUR  TRIOXIDE  is  formed  by  the  union  of  sulfur  dioxide 
and  oxygen  with  the  aid  of  a  catalyst.  It  unites  with  water  to 
form  sulfuric  acid. 

SULFURIC  ACID  IS  MANUFACTURED  by  (1)  the  contact 
process,  in  which  the  sulfur  dioxide  is  oxidized  with  the  help  of  a 
catalyst,  and  (2)  the  chamber  process,  in  which  the  oxidation  is 
brought  about  by  the  use  of  the  oxides  of  nitrogen. 

CONCENTRATED  SULFURIC  ACID  has  a  strong  attraction 
for  water.  When  hot  it  is  an  oxidizing  agent.  It  will  drive  put 
other  acids  from  their  salts  because  of  its  high  boiling  point 

DILUTE  SULFURIC  ACID  reacts  with  many  metals,  form- 
ing hydrogen.  It  forms  two  classes  of  salts  —  sulfates  and  bisul- 
fates.  All  sulfates  are  soluble  except  those  of  barium,  strontium, 
calcium,  and  lead. 

SULFURIC  ACID  IS  USED  in  nearly  all  industries. 

THE  OXIDES  OF  THE  NONMETALS,  such  as  8O2,  SOs, 
CO2,  P2O6,  react  with  water  and  form  acids.  They  are  called 
add  anhydrides,  or  acidic  oxides. 

THE  OXIDES  OF  THE  METALS,  like  CaO,  react  with  water 
to  form  bases;  they  are  called  basic  oxides,  i 
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Questions  aivd  Problems 

1.  How  many  grains  of  sulfur  dioxide  can  be  made  by  roasting 
50  grams  of  iron  pyrite  (FeSj)  ? 

2.  How  much  sulfur  will  be  required  to  prepare  a  ton  (2000  lbs.) 
of  sulfuric  acid  containing  2%  of  water? 

3.  What  weight  of  copper  sulfate  crystals  (CUSO4  •  5  HjO)   can 
be  made  from  100  grams  of  pure  copper? 

4.  Why  does  the  burning  of  sulfur  in  the  air  not  3aeld  pure  sulfur 
dioxide? 

5.  What  is  an  acid  anhydride?     Give  the  names  and  formulas 
of  two  anhydrides  containing  sulfur. 

6.  Name  and  give  the  formulas  for  the  raw  materials   used  in 
making  sulfuric  acid. 

7.  Which  is  the  more  stable  acid,  sulfurous  or  sulfuric  acid?     Give 
your  reasons. 

8.  Is  sulfuric  acid  a  stronger  acid  than  hydrochloric?     Explain. 

9.  Show  how  the  two  oxides  of  sulfur  illustrate  the  Law  of  Multiple 
Proportions. 

10.  Give  two  reasons  why  boiling  sulfuric  acid  causes  such  serious 
bums  if  spilled  on  the  skin. 

11.  How  would  you  test  for  a  sulfide,  a  svlfiie,  and  a  sulfate  f 

12.  How  could  you  determine  whether  the  sulfuric  acid  in  a  bottle 
were  concentrated  or  dilute? 

13.  What  is  the  easiest  way  to  bleach  a  straw  hat? 

14.  Commercial  sulfuric  acid  is  generally  not  colorless.     How  do 
you  account  for  the  color? 

15.  What  would  happen  if  water  were  i)oured  into  sulfuric  acidf 
(Don't  try  it !) 


Topic  for  Further  Study 

Catalysis  in  industry.  What  would  appear  to  be  the  advantage  of 
the  contact  process  for  producing  sulfuric  acid  over  the  chamber 
process?  Why  has  it  not  entirely  superseded  the  chamber  process? 
What  other  manufacturing  operations  use  catalysts?  What  are 
some  of  the  substances  used  as  catalysts?  (Duncan* s  Chemistry  of 
Commerce.) 


CHAPTER  XIX 

AMMONIA  AND  AMMONIUM  COMPOUNDS 

Household  ammonia  —  composition  and  formula  —  prep- 
aration —  properties  —  refrigeration  —  manufacture  of  am- 
monia from  coal  and  from  elements  —  chemical  behavior  — 
ammonium  hydroxide  and  ammonium  salts  —  commercial 
uses. 

207.  Household  ammonia.  The  cleansing  agent  which  is 
commonly  used  in  the  household  is  labeled  ammonia  or,  more 
accurately,  ammonia  water.  The  name  '*anm[ionia"  properly 
belongs  to  the  gas  which  causes  the  familiar,  peculiarly  pungent 
smell  of  the  cleanser.  This  gas  is  extremely  soluble  in  water 
and  is  therefore  usually  sold  in  water  solution.  It  owes  its 
cleansing  qualities  to  the  fact  that  it  is  a  base.  Since  both 
ammonia  gas  and  water  are  volatile,  it  was  formerly  called  the 
"  volatile  alkali." 

208.  Composition  of  ammonia.  When  we  heat  ammonia 
water,  we  get  a  gas  which  can  be  shown  to  be  composed  of  nitro- 
gen and  hydrogen.  To  demonstrate  the  fact,  that  ammonia 
contains  nitrogen,  we  lead  the  dried  gas  through  a  tube  contain- 
ing hot  copper  oxide.  We  find  that  the  copper  oxide  is  reduced 
to  metaUic  copper,  water  is  formed,  and  a  gas  comes  from  the 
delivery  tube  which  proves  to  be  nitrogen.  The  presence  of 
hydrogen  in  ammonia  might  be  inferred  from  the  formation 
of  water,  a  compound  of  hydrogen  and  oxygen.  Biit  we  can 
definitely  prove  that  it  is  a  constituent  of  ammonia  by  passing 
the  gas  through  a  tube  containing  heated  magnesium.  In  this 
case  the  gas  set  free  is  hydrogen.     The  product  left  in  the  tube 

208 
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is  magnesium  nitride,  which  when  put  in  water  gives  us  ammo- 
nia again. 

To  determine  the  formula  for  ammonia  we  have  only  to  perform 
the  experiment  with  copper  oxide  in  a  quantitative  way.  The  results 
of  such  experiments  show  that  ammonia  is  82.3  per  cent  nitrogen  and 
17.7  per  cent  hydrogen.  Dividing  the  percentages  b>  the  respective 
atomic  weights  we  get  the  ratio  of  the  atoms  to  be  one  of  nitrogen  to 
three  of  hydrogen.  Since  one  liter  of  ammonia  weighs  about  0.77 
grams,  the  gram-molecular  weight  (that  is,  the  weight  of  22.4  liters) 
is  17.2.     This  corresponds  to  a  formula  NH3. 

We  may  write  the  equations  for  these  reactions : 

3  CuO  +  2  NHa  — >-  3  Cu  +  3  H2O  +  N2 


copper 
oxide 


ammonia 


copper 


water         nitrogen 


3  Mg  +  2  NH3  -^-  MgaNi  +  3  Hj 


magnesium     ammoma 


magnesium, 
nitride 


hydrogen 


MgsNj  +  6  H2O  — >-  3  Mg(0H)2  +  2  NH3 


maipeslum 
mtride 


water 


magnesium 
hydroxide 


ammoma 


209.  Laboratory  preparation  of  ammonia.  By  heating  a 
water  solution  of  anm[ionia  we  can  conveniently  prepare  the 
pure  gas.  When  the  solu- 
tion is  boiled,  the  dissolved 
gas  is  expelled  because  it  is 
much  less  soluble  in  hot  than 
in  cold  water.  If  we  wish  to 
free  the  gas  of  water  vapor, 
we  arrange  the  apparatus 
(Fig.  120)  so  that  the  am- 
monia passes  up  through  a 
dr]ring  tower  which  is  filled 

with    pieces    of    soda    hme       ^^«- "^'^    Preparation  of  dry  ammonia. 

(NaOH  and  CaO).  Because  of  its  extreme  solubility  in  water 
the  gas  is  collected  in  a  bottle  held  mouth  down,  from  which 
it  displaces  the  air. 
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Another  eonvenient  way  of  preparing  the  gas  is  by  heating  a  mix- 
ture of  ammonium  chloride,  or  sal  ammoniac  (NHiCl),  and  slaked 
lime  (Ca(OH)i)  in  a  large  test  tube,  as  shown  in  figure  121.  The 
reaction  is  as  follows ; 

2  NH.C1  +  Ca{OH),  — *-  CaCl,  +  2  H,0  +  2  NH.  1 

210.  Properties  of  ammonia.  Aside  from  its  pungent 
odor  the  moat  striking  characteristic  of  ammonia  is  its  extreme 

solubiUty.    It  is  even  more  soluble 
in  water  than  hydrogen  chloride. 

The  rapidity  with  which  ammonia  gas 
is  absorbed  by  water  may  be  shown  by 
the  following  experiment.  A  lac^  flask 
is  entirely  filled  with  ammonia,  and  a'atop- 
per  is  inserted  through  which  runs  a  long 
tube  and  a  "  dropper  "  containing  water. 
The  lower  end  of  the  tube  dips  into  a 
beaker  which  contains  a  red  litmus  solu- 
tion (slightly  acid).  By  pinching  the  rub- 
ber bulb  a  little  water  is  ejected  into  the 
flask,  whereupon  the  contents  of  the 
beaker  at  once  rush  up  into  the  flask 
(Pig.  122]  and  the  red  i<drttion  becomes 

As  mi^t  be  supposed  from  its 
molecular  weight,  17,  ammonia  is 
about  one-half  as  heavy  as  air.  It 
is  easily  liquefied ;  at  ordinary  temperatures  a  pressiue  of  only 
about  4.5  atmospheres  (66  pounds  per  square  inch)  is  needed. 

211.  Refrigeration  with  liquid  ammonia.  Liquid  ammonia 
is  very  extensively  used  in  making  artificial  ice  and  in  pro- 
ducing ■the  low  temperature  required  in  cold-storage  plants. 
This  use  of  anmionia  depends  on  the  fact  that  it  can  easUy  be 
liquefied  at  ordinary  temperatures  by  applying  pressure,  and 
that  when  this  pressure  is  released  the  gas  evaporates,  absorb- 
ing a  great  deal  of  heat  from  the  surrounding!^. 
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PHg^ure  123  shows  how  this  principle  is  applied  in  the  production 
of  artificial  ice.  The  gas  is  compressed  by  pump  A  and  is  forced 
through  the  ooil  of  pipe,  where  the  beat 
produced  by  the  eompression  is  removed 
by  running  water.  When  the  ammonia 
emerges  from  this  ooil,  it  is  at  room  tem- 
perature an.d  under  sufKcient  pressure  to 
be  a  liquid.  The  liquid  ammonia  flows 
through  an  expansion  valve,  which  ooa- 
nects  with  the  long  series  of  coils ;  these 
are  made  of  large  pipe  and  are  under  at- 
mospheric pressure.  In  these  pipes  the 
liquid  now  evaporates  (because  it  is  under 
atmospheric  pressure),  and  in  so  doing  it 
absorbs  heat  from  the  surrouoding  bath  of 
brine.  The  gas  is  returned  to  the  pump 
and  again  makes  the  cycle.  The  temper- 
ature of  the  brine  is  thus  lowered  to  about 
-15°  C.  The  brine,  which  is  a  solution  of 
comjnon  salt  or  calcium  chloride  (CaClj), 
does  not  freeze  at  this  temperature.  Pure 
water  in  suitable  metal  containers  ii 
mersed  in  it  and  is  frozen  in  from  24  t 
36  hours  into  cakes  of  ice.  Sometimes  sul- 
fur dioxide  (SO,)  or  carbon  dioxide  (COi)  yig.  im.  Ammonit  is  ei- 
is  used  instead  of  ammonia.  trimil;  BOlubla  in  w«tM. 

If  it  is  desired  to  keep  the  interior  of  a  room  at  a  low  tempera- 
ture, the  brine  itself  is  circulated  by  means  of  a  pump  through 
coils  of  pipe  placed  in  the  room ;   it  then  returns  to  the  tanks 


Fit.  113-    Dlisrun  of  ■  r«frl(antl<m  plant 
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coataining  the  ammonia  coils.  The  temperature  of  a  room 
can  thus  be  kept  very  low,  and  meat  and  other  food  placed  in 
it  can  be  preserved  for  a  long  time,  since  at  this  low  temper- 
ature decay  and  putrefaction  practically  cease  (Fig.  124). 

In  many  cities  the  entire 
ice  supply  is  produced  in 
plants  using  ^he  ammonia 
process  just  outlined.  Cold- 
storage  plants  which  are 
cooled  by  ammonia  refriger- 
ation machines  are  located 
wherever  convenient,  in  con- 
nection with  the  handhng  of 
food  products.  Thus  many 
hotels  and  clubs  have 
small  ammonia  refrigeration 
plants,  which  serve  instead 
of  the  usual  household  ice 
chest,  and  most  steamships  are  also  equipped  with  them. 

212.  The  manufacture  of  ammonia.    Practically  all  of  the 
'  ammonia  that  is  sold  is  now  obtained  from  coal.     Coal  is  very 

largely  composed  of  carbon,  but  it  also  contains  some  very 
cotnplicated  compounds,  which  were  probably  formed  by  plant 
life  ages  ago.  When  coal  is  heated  in  closed  containers  away 
from  the  air,  these  compounds  decompose  and  produce  a  mixture 
of  gases,  water,  and  tar,  while  the  carbon  is  left  behind  as  coke. 
.  Under  these  conditions  tlw  nitrogen  compounds  in  the  coal 
produce  ammonia,  which  is  removed  from  the  other  gases  by 
dissolving  it  in  water.  The  production  of  coke  and  coal  gas 
from  coal  is  carried  out  on  a  large  scale,  thus  making  gre&t 
quantities  of  ammonia  available. 

213.  Making  ammonia  directly  from  the  elements.  It 
has  long  been  known  that  if  electric  sparks  are  passed  through 
a  mixture  of  nitrogen  and  hydrogen,  a  small  amount  of  ammonia 
can  be  produced   by  synthesis  from  the   two  elements.      A 
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process  has  recently  been  developed  for  combining  these  gases 
on  an  industrial  basis.  A  mixture  of  nitrogen  and  hydrogen 
is  subjected  to  a  pressure  of  about  200  atmospheres,  is  heated 
to  about  500*^  C,  and  then  passed  over  finely  divided  iron, 
which  acts  as  a  catalyst.  Only  a  small  percentage  of  the  gases 
unites  to  form  ammonia;  this  small  amount  is  absorbed  in 
water,  however,  and  the  remaining  mixture  of  gases  again 
passes  over  the  iron  and  the  process  is  repeated. 

In  this  so-called  Haber  process  the  nitrogen  and  hydrogen  are  pre- 
pared from  producer  gas  (§  255)  and  steam.  Producer  gas  is  essen- 
tially a  mixture  of  nitrogen  and  carbon  monoxide  made  by  burning 
coal  in  a  limited  supply  of  air.  This  gas  is  mixed  with  steam  and 
passed  over  a  heated  catalyst,  which  causes  the  carbon  monoxide  to 
react  with  the  water  as  follows : 


CO  +  HaO 


CO2  +  H, 


The  resulting  gas  contains  nitrogen  (originally  present  In  the  air), 
hydrogen,  and  carbon  dioxide.  The  latter  compound  is  removed  by 
treating  the  highly  compressed  gas  with  water.  This  process  will  be 
considered  again  in  connection  with  the  fixation  of  nitrogen. 

214.  Chemical  behavior  of  ammonia.  We  have  just  seen 
that  imder  certain  conditions  the  inert  element  nitrogen  will 
combine  with  hydrogen  to  form  anm[ionia : 

N2  +  3  H2  =f:^  2  NHs 

One  volume  of  nitrogen  imites  with  three  volumes  of  hydrogen 
to  form  two  volumes  of  ammonia : 


^2 

^2 

H2 

NH^ 

ATffa 

At  ordinary  temperatures  ammonia  is  a  stable  compound, 
but  when  heated  to  high  temperatures  (above  700*^  C.)  or  when 
subjected  to  an  electric  discharge,  it  may  be  decomposed  into 
its  elements.  Therefore  we  write  the  equation  as  a  reversible 
one. 
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Ammonia  will  neither  support  combustion  nor  bum  in  air, 
but  it  can  be  made  to  bum  in  an  atmosphere  of  oxygen  with  a 
feeble,  yellowish  flame.  We  have  already  observed  (§  208) 
that  it  acts  as  a  reducing  agent.  The  hydrogen  of  anunonia 
can  be  replaced  by  a  few  metals,  forming  the  nitrides.  Thus 
we  have  seen  magnesium  change  into  magnesium  nitride  (MgsNa) 
when  ammonia  was  passed  over  it. 

216.  Ammonium  hydroxide.  The  action  of  ammonia  upon 
water  does  not  seem  to  be  merely  a  solution  of  the  gas  in 
water  since  the  resulting  solution  has  basic  properties.  It 
turns  red  Utmus  blue ;  it  feels  soapy  and  slippery  to  the  touch  ; 
it  neutralizes  acids,  forming  salts.  Therefore  it  appears  as 
though  a  part  of  the  gas  must  combine  chemically  with  water 
as  indicated  in  the  equation : 

The  product  of  the  reaction  is  called  ammonium  hydroxide, 
and  its  solution  contains  the  ammonium  ion  (NHU"*")  and  the 
hydroxylion  (OH").  When  this  solution  is  heated,  the  com- 
pound decomposes  into  ammonia  and  water.  Therefore  the 
equation  is  written  to  represent  a  reversible  reaction. 

216.  Ammonium  salts.  When  ammonia  and  hydrogen 
chloride  combine  at  ordinary  temperatures,  the  product  is  a 

white    crystalline   soUd    called    am- 
monium chloride  (NH4CI) : 

NHs  +  HCl  — >- NH4CI 


This  reaction  can  be  shown  very  prettily 

by  taking  two  clay  pipes  and  moistening 

the  inside  of  one  with  a  concentrated  water 

„.  „  ,        *  ,     solution  of  ammonia  and  the  other  with 

Fig.  125.    Union  of  ammonia  x    x  j    i.   j       ui     •  -j      Tm_ 

with  hydrogen  chloride.         concentrated    hydrochloric    acid.     When 

the  mouths  of  the  two  pipes  are  brought 
near  each  other,  a  white  cloud  of  ammonium  chloride  particles  is  pro- 
duced (Fig.  125).  Enough  of  the  gaseous  ammonia  and  gaseous  hydro- 
gen chloride  escape  from  the  aqueous  solution  to  cause  this  reaction  to 
take  place  in  the  air  surrounding  the  pipes. 
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When  ammonium  hydroxide  is  neutraUzed  with  hydrochloric 
acid  and  the  solution  is  evaporated  to  dryness,  a  white  soUd 
results  which  is  identical  with  that  produced  by  the  union  of 
gaseous  ammonia  and  hydrogen  chloride.  This  is,  of  course, 
ammonium  chloride,  or  sal  ammoniac : 

NH4-^  +  OH-  +  H+  +  CI-  — ^  NH4+  +  C1-  +  H2O 

Although  the  amxnom'um  radical  (NH4)  has  never  been  ob- 
tained in  a  free  state,  yet  we  have  many  anm[ionium  salts.  In 
all  of  these  compounds  this  group  of  atoms  NH4  acts  very  much 
like  a  monovalent  metal,  such  as  potassium  or  sodium.  In  a 
water  solution  these  salts  are  ionized,  giving  NH4  as  the  positive 

ion.     Thus:  NH.C1  ^  NH.*  +  CI" 

If,  however,  we  send  an  electric  current  through  such  a  solu- 
tion, we  do  not  obtain  anm[ionium  and  chlorine,  because  the 
chlorine  reacts  with  the  solution,  forming  hydrochloric  acid 
and  nitrogen,  and  the  anm[ionium  ion  decomposes  into  anm[ionia 
and  hydrogen,  the  ammonia  dissolving  in  water. 

When  ammonium  salts  are  heated  in  a  dry  tube,  they  are 
decomposed  and  most  of  them  give  ammonia  and  an  acid. 
For  example,        ^^^^  _^  j^jj^  ^  _^  jj^^j 

It  will  be  noticed  that  in  this  case  both  products  are  volatile, 
but  when  these  products  are  cooled,  they  reunite  to  form  the 
soUd  ammonium  chloride.  Here  again  we  have  a  case  of  a  re- 
versible reaction. 

In  order  to  liberate  anm[ionia  from  its  salts,  we  have  merely 
to  heat  any  anm[ionium  compound  with  an  alkaU  (such  as  lime 
or  sodium  hydroxide)  in  order  to  neutrahze  the  acid ;  we  then 
get  the  unmistakable  odor  of  free  anmiom'a.  This  can  be  used 
as  a  test  for  ammonium  salts. 

217.  Uses  of  ammonia.  We  have  already  seen  that  liquefied 
ammonia  is  used  for  refrigeration  purposes,  being  shipped  in 
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strong  steel  cylinders.  The  aqueous  solution,  aqua  ammonia, 
is  used  as  a  cleanser  both  in  the  home  and  in  the  industries. 
Ammonium  sulfate  ((NH4)2S04)  is  a  valuable  fertiUzer  since 
it  contains  a  large  percentage  of  nitrogen  and,  like  all  anmionium 
salts,  is  very  soluble.  Sal  ammoniac  (NH4CI)  is  used  commer- 
cially in  the  manufacture  of  several  types  of  batteries.  Smelling 
salts  are  made  of  anm[ionium  carbonate  ((NH4)2C03) ,  an  unstable 
salt  which  decomposes  into  ammonia,  water,  and  carbon  dioxide : 

(NH4)2C03  —^  2  NH3  t  +  H2O  +  CO2 1 

Lumps  of  the  solid  salt  are  covered  with  alcohol  and  some 
aromatic  oil  in  order  to  make  the  powerful  odor  of  the  ammonia 
pleasanter.  Ammonium  nitrate  (NH4NO3)  is  used  in  explosives 
because  it  decomposes  easily  and  leaves  no  solid  products. 


SUMMARY  OF  CHAPTER  XIX 

AMMONIA  (NHs)  is  a  colorless  gas  with  a  pungent  odor,  about 
half  as  heavy  as  air  and  exceedingly  soluble  in  water.  It  is  easily 
liquefied  at  ordinary  temperatures. 

In  nature  ammonia  is  formed  by  the  putrefaction  of  animal 
and  vegetable  matter.  In  the  laboratory  it  is  usually  prepared  by 
heating  ammonia  water  or  a  mixture  of  ammonitmi  chloride  and 
calcium  hydroxide.  The  chief  commercia/  source  is  from  the  dis- 
tillation of  coal.  In  the  Haber  process  nitrogen  and  hydrogen 
combine  diiectiy  to  form  ammonia. 

CHEMICAL  BEHAVIOR :  ammonia  reduces  copper  oxide  to 
copper,  forming  water  and  nitrogen;  ammonia  reacts  with  hot 
magnesium,  producing  magnesium  nitride  and  hydrogen ;  ammonia 
combines  with  hydrogen  chloride  to  form  ammonium  chloride. 

AMMONIA  IN  WATER  SOLUTION  is  basic  and  contains  the 
NH4'^  and  OH~  ions  of  ammonium  hydroxide, 

AMMONIUM  SALTS  are  prepared  by  neutralizing  ammonium 
hydroxide  with  acids. 

AMMONIA  IS  USED  for  refrigeration  purposes,  as  a  cleansing 
agent  (in  water  solution),  and  as  a  source  of  ammonitmi  compounds. 
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QUBSTIONS  AND  PROBLEMS 

1.  What  is  the  difference  between  ammonia  and  ammonium? 

2.  What  would  be  the  action  of  dry  ammonia  on  dry  litmus  paper? 
Why? 

8.  What  three  gasea  are  sometimes  used'  in  refrigeration  plants? 
What  property  have  they  in  common? 

4.  How  would  you  prove  that  ammonium  hydroxide  is  a  weak 
base? 

6.  Ammonia  is  sometimes  spoken  of  as  a  basic  anhydride.  Ex- 
plain. 

6.  What  is  meant  by  a  reversible  reaction?  Give  two  examples 
from  this  chapter. 

7.  How  would  you  test  a  salt  for  the  presence  of  the  ammonium 
radical? 

8.  Write  the  equation  for  the  neutralization  of  ammonium  hydrox- 
ide by  sulfuric  acid. 

9.  Ammonia  is  passed  over  hot  copper  oxide  so  as  to  produce 
500  cc.  of  nitrogen.  How  many  cubic  centimeters  of  ammonia  are 
required  ? 

10.  Ammonia  is  passed  over  hot  magnesium  so  as  to  produce  1 
liter  of  hydrogen.     How  many  liters  of  ammonia  are  needed  ? 

11.  If  10  grams  of  magnesium  nitride  are  put  into  water,  how  many 
grams  of  ammonia  are  produced  ? 

12.  If  aqua  ammonia  is  35%  by  weight  ammonia  and  has  a  density 
of  0.882  g.  Pier  cc,  how  many  grams  of  anmionia  are  there  in  100  cc. 
of  the  solution? 

13.  How  many  grams  of  ammonium  chloride  are  required  to  react 
with  slaked  lime  in  order  to  give  the  ammonia  required  in  Problem  12? 

Topic  for  Further  Study  < 

Refrigeration.  If  possible,  visit  a  cold-storage  warehouse  or  an 
artificial-ice  plant.  What  is  the  principal  expense  entailed  in  this 
method  of  refrigeration?  Investigate  the  household  refrigerator. 
Measure  the  temperature  in  a  household  refrigerator  with  a  ther- 
mometer. What  is  the  temperature  in  a  cold-storage  plant?  In  an 
ice-cream  freezer  ?  On  what  principle  do  the  iceless  refrigerators  oper- 
ate?    (Creasy' s  Discoveries  and  Inventions.) 


i 


CHAPTER  XX 


NITRIC  ACID  AND  OXIDES  OF  NITROGEN 

Saltpeter  —  nitric  tuiid,  preparation  and  properties  — 
oxidizing  agent  —  aqim  regitt  —  action  with  metals  —  ni- 
trfttes  —  test  tor  NOi  ion  —  uaea. 

Oxides  ot  nitrogen  —  nitric  oxide  —  nitrogen  dioxide  — 
nitrous  oxide. 

218.   Saltpeter.     Saltpeter,  or  niter,  is  known  to  m<wt  people 
as  one  of  the  ingredients  of  gunpowder  and  as  a  preservative 
for  meats.     It  was  formerly 
obtained  from  certain  dry 
countries  in  Asia  where  a 
decomposition    product    of 
animal  matter  reacted  with 
potash   to  form  potassium 
nitrate     (KNOs).     Another 
similar     compound,     called 
Chile  saltpeter,  is  found  in 
great  deposits  in  .Chile  and 
Peru  (Fig.  126).     This  raw 
saltpeter,    "  caliche,"    con- 
tains from  17  to  50  per  cent 
of  sodium  nitrate  (NaNOj). 
As  long  ago  as  the  ninth 
century  men  knew  how  to 
make    nitric    acid    (HNO*) 
from   saltpeter.    They  fol- 
lowed a  method  similar  to  our  own,  and  called  the  acid  "  aqua 
fortis  "  (strong  water)  because  of  its  great  chemical  activity. 
218 
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219.  Preparation  of  nitric  acid.  Nitric  acid  is  generally 
prepared  by  a  process  very  like  that  used  in  the  preparation 
of  hydrochloric  acid, 
namely,  by  the  action 
of  concentrated  sul- 
furic acid  on  a  nitrate. 
Sodiuin  nitrate,  as  the 
most  abundant  of  the 
mtrates,  is  mixed  with 
concentrated  sulfuric 
acid  and  heated  in  a 
retort.  In  the  labora- 
tory we  take  a  tubu- 
lated glass  retort  (Fig. 
127)  for  this  purpose, 
but  in  the  commercial 
manufacture  of  nitric 

.,  ,      .      Kg.  117.    LabontoiT  prap«ratioii  of  nitric  add. 

acid    an    iron    retort  .>  i~  i~ 

(Fig.  128)  b  used.  The  nitric  acid  is  much  more  volatile  than 
the  sulfuric  acid ;  hence  it  distills  off  and  is  condensed  In  a  suit- 
able apparatus.     The  substancejeft  in  the  retort  is  sodium  bi- 


sulfate: 


NaNO,  +  H»SO,  — »-  NaHSO*  +  HNO,  t 


220.  Proper- 
ties. Pure  nitric 
acid  is  a  color- 
less liquid,  boii- 
ing  at  86"  C.  It 
fumes  stroi^y 
when  exposed  to 
moist  air.  It 
is  miscible  with 
water  in  all  pro- 
portions; the  concentrated  form  which  we  buy  contains  about 
68  per  cent  of  the  acid,  the  rest  being  water.     Such  &  mixius^ 


BTdal  prepwaUan  of  nitric  add. 
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has  a  density  of  1.4  grains  per  cubic  centimeter  and  boils  at 
120°  C.  It  is  highly  corrosive,  a  few  drops  on  the  skin  caus- 
ing a  bad  bum.  .The  dilute  acid  will  turn  the  clothing  and 
skin  yellow. 

Nitric  acid  can  very  easily  be  decomposed  into  water, 
nitrogen  dioxide  (NO2),  and  oxygen.  This  decomposition 
takes  place  even  when  the  acid  is  exposed  for  a  long  time 
to  sunlight.  When  the  acid  is  heated  strongly  the  decom- 
position is  very  rapid: 


4HNO3 


2  H2O  +  4  NO2  +  O2 


Nitrogen   dioxide    is  a   red-brown   gas 
which     dissolves      in     water.      When 

it  dissolves  in 
nitric  acid  it 
gives  the  latter 
a  yellow  color. 
The  so-called 
fuming  nitric 
acid  results  if 
much  of  this 
oxide     is    dis- 

Fig.  129.    Decomposition  of  nitric  acid  in  a  clay  pipe.        SOlved. 

We  may  show  the  decomposition  of  nitric  acid  by  arranging  a  clay 
pipe  so  that  the  stem  dips  beneath  the  water,  as  in  figure  129.  When 
the  stem  is  red-liot  a  few  drops  of  concentrated  nitric  acid  are  poured 
into  the  bowl.  As  the  acid  runs  down  the  stem,  it  is  decomposed 
into  water,  oxygen,  and  nitrogen  dioxide.  This  latter  gas  dissolves 
in  water,  and  thus  only  oxygen  is  collected.  The  red-brown  color  which 
is  characteristic  of  nitrogen  dioxide  can  easily  be  seen  when  the  bubbles 
first  appear  in  the  water. 

221.  Oxidizing  action.  Since  nitric  acid  easily  decomposes 
and  gives  ofif  oxygen  it  is  a  good  oxidizing  agent.  The  equation 
which  represents  the  decomposition  of  nitric  acid  when  it  acts 
as  an  oxidizing  agent  is  as  follow^ ; 


2  HNO,  ^  H,0  +  2  NO  +  3  [0] 

We  indicate  the  fact  that  the  oxygen  is  taken  up  by  some  other 
substance  and  not  itself  set  free  by  writit^  the  symbol  in 
brackets. 

The  oxidizing  action  of  nitric  aoid 
can  be  abown  by  gently  beating  a 
small  quantity  of  eawdust  and  put- 
ting two  or  three  drops  o!  concen- 
trated nitric  Eteid  on  the  charred 
masa.  This  exi>erimeut  is  best  earried 
out  in  a  crucible  or  poroelain  dish 
(Fig.  130).  The  mass  instantly  takes 
fire,  the  charcoal  burning  at  the  ex- 
pense of  the  oxygen  from  the  nitric 
acid. 

222.  Aqua  regia.    Nitric  acid 
oxidizes    hydrochloric    acid     to    ^g_  ,jo_ 
water  and  free  chlorine  : 

HNO,  +  3  HCl  — ^  2  H,0  +  NO  +  3  ICl] 

For  this  reason  a  mixture  of  one  part  of  nitric  and  three  parts 
of  hydrochloric  acid  slowly  evolves  free  chlorine,  which  at  the 
moment  of  its  liberation  is  very  active.  This  mixture  of  acids, 
called  aqua  regia,  will  di^olve  gold  and  platinum.  We  speak 
of  an  element  at  the  moment  of  its  liberation  from  a  compound 
as  being  in  the  nascent  state ;  most  elements  in  this  state  are 
more  active  than  in  the  free  state.  The  nascent  state  we  shall 
indicate  by  writing  a  bracket  around  the  symbol.  Since  we  da 
not  know  the  molecular  condition  of  a  nascent  element,  we 
write  a  monatomic  formula  for  it, 

223.  Action  with  metals.  Nitric  acid  behaves  di£Ferently 
from  most  acids  as  regards  its  action  with  metals.  Free 
hydrogen  is  practically  never  produced  by  the  action  of  even 
dilute  nitric  acid  on  metals.  The  reason  is  that  the  hydrogen, 
which  is  probably  at  first  produced,  is  immed^tel'^  oudixed.^ 
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water  by  the  nitric  acid,  the  acid  in  turn  being  reduced  to 
oxides  of  nitrogen.  The  exact  product  of  the  reaction  depends 
on  the  concentration  of  the  acid  and  the  particular  metal  em- 
ployed. In  some  cases  the  oxides  of  nitrogen  may  be  further 
reduced  to  sunmojuB,  by  the  nascent  hydrogen. 

The  most  typical  reaction  is  that  of  moderately  dilute  nitric 
acid  on  copper.  The  products  in  this  case  are  copper  nitrate, 
water,  and  nitric  oxide : 

3  Cu  -^  8  HNO3  — ^  3  Cu(N03)2  +  2  NO  +  4  H2O 

copper  nitric  copper  nitric  water 

acid  nitrate  oxide 

The  balancing  of  this  equation  is  diflScult  and  it  will  be  found 
best  to  memorize  it. 

224.  The  nitrates.  Nitric  acid  is  a  monobasic  acid  and 
forms  salts,  called  nitrates,  when  neutralized  by  a  base.     Thus : 

Na+  +  OH-  +  H+  +  NO3-  — >-  Na+  +  NO3-  +  H2O 

Besides  dissolving  all  metals  except  gold  and  platinimi,  it  dis- 
solves a  number  of  metallic  oxides,  such  as  copper  oxide,  form- 
ing the  corresponding  nitrate  and  water : 

CuO  +  2  HNO3  — ^  Cu(N03)2  +  H2O 

copper  nitric  copper  water 

oxide  acid  nitrate 

Nitric  acid  acts  on  such  salts  as  will  give  a  volatile  product  with 
the  acid : 

CaCOs  +  2  HNO3  — ^  Ca(N03)2  +  H2O  +  CO2 1 

calcium  nitric  calcium  water         carbon 

carbonate  acid  nitrate  dioxide 

Nitrates  cannot  be  prepared  by  precipitation  because  the 
nitrates  of  all  metals  are  soluble  in  water.  We  therefore  often 
use  the  nitrate  of  a  metal  when  we  wish  to  work  with  a  water 
solution  containing  the  ion  of  that  metal. 

When  a  nitrate  is  heated,  it  generally  decomposes  into  the 
metallic  oxide,  nitrogen  dioxide,  and  oxygen : 
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2  Cu(N0s)2  — »-  2  CuO  +  4  N0»  +  0, 

copper  copper  nitrogen      oxygen 

nitrate  oxide  dioxide 

But  in  the  case  of  sodium  and  potassium  nitrates  the  products 
are  oxygen  and  a  nitrite : 

2  NaNOa  — ^  2  NaNOa  +  Oa 

sodium  sodium  oxygen 

nitrate  nitrite 

225.  Test  for  nitrates.  We  may  easily  recognize  a  nitrate 
by  adding  concentrated  sulfuric  acid  and  then  heating  with 
copper.  The  nitric  acid  which  is  formed  acts  on  the  copper, 
and  brown  vapors  appear.  Minute  amounts  of  the  NO3  ion 
may  be  detected  by  adding  a  so- 
lution of  ferrous  sulfate  (FeS04) 
to  the  solution  which  is  to  be 
tested.  Then  concentrated  sul- 
furic acid  is  poured  in  so  as  to      V^r-tS**^^     ^  ^>s,      ^^  * 

"^  ■"*  Brown  rtng^ 


form  a  layer  below  the  mixed  Hgsa 


solutions.      The  appearance  of  a    Fig*  131.    Dark  brown  ring  indicates 

dark  brown  ring  (Fig.  131)  just  ^ 

above  the  heavier  sulfuric  add  indicates  the  presence  of  theNOz  ion. 
The  composition  of  this  dark  colored  compound  is  not  definitely 
known.  The  test,  however,  is  very  delicate,  although  it  re- 
quires some  skill  in  manipulation. 

226.  Uses.  Nitric  acid  enters  very  extensively  into  the 
preparation  of  a  number  of  organic  compounds  which  are  used 
as  explosives  and  as  intermediate  substances  in  the  preparation 
of  dyes.  The  acid  is  also  employed  as  a  cleansing  agent  and 
for  dissolving  certain  metals.  The  nitrates  are  very  largely 
used  as  fertilizers.     (See  Industrial  Chart,  p.  205.) 

227.  Oxides  of  nitrogen.  Five  oxides  of  nitrogen  are  known ; 
only  three  of  these  are  important.  They  are  nitrous  oxide 
(N2O),  nitric  oxide  (NO),  and  nitrogen  dioxide  (NO2).  Nitro- 
gen trioxide  (N2O3)  and  nitrogen  pentoxide  (N2OB)  are  unstable 
substances  of  no  especial  importance. 
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228.  Nitric  oxide  (NO).  Nitric  oxide  is  most  readily  pre- 
pared by  the  action  of  dilute  nitric  acid  upon  copper.  The 
equation  for  this  reaction  has  already  been  discussed  (§  223). 
The  apparatus  is  the  same  as  that  used  to  generate  hydrogen. 
The  gas  is  colorless  and  almost  insoluble  in  water. 

The  most  important  property  of  nitric  oxide  is  its  abiUty 
to  unite  with  oxygen,  even  at  ordinary  temperatures,  to  form  a 
red-brown  gas,  nitrogen  dioxide  (NO2) : 


2  NO 

nitric 
oxide 


+    O2 

oxygen 


2N0a 

nitrogen 
dioxide 


'WaUr 


229.  Nitrogen  dioxide  (NO2).     This  gas,  which  is  formed 
when  nitric  oxide  comes  in  contact  with  oxygen,  has  a  very 

unpleasant  odor  and  is  poisonous  when  in- 
haled. 

We  may  prepare  nitric  oxide  as  just  described, 
fill  a  tube  with  it  over  water,  and  then  introduce 
oxygen  (Fig.  132),  which  can  be  conveniently  gen- 
erated by  dropping  water 
on  sodium  peroxide  (Na202). 
As  each  bubble  of  oxygen 
enters  the  tube,  it  unites 
with  the  nitric  oxide  to  form 
the  red-brown  nitrogen  di- 
oxide. But  the  color  soon 
fades,  and  the  water  rises  in 
the  tube  as  the  dioxide  re- 
acts with  the  water. 


Sodium  PtnuHiU 

Fig.  132.  Introducing  oxygen  into  nitric  oxide. 


An  interesting  property 
of  nitrogen  dioxide  is  its 
reaction  upon  water  by  which  nitric  acid  and  nitric  oxide  are 

produced :        3  jjo^  +  H2O  -^  2  HNO3  +  NO 


nitrogen 
dioxide 


water 


nitric 
acid 


nitric 
oxide 


When  cooled  this  gas  grows  pale  yellow,  and  its  density 
becomes  twice  as  great.    This  paler  ga.8  has  the  formula  N2O4 
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and  is  called  nitrogen  tetroxide.  At  ordinary  temperatures 
'  the  gas  is  a  mixture  of  the  two ;  bo  we  express  the  relation  by 
a  reversible  equation : 

2  NO,     =;:±=     NjO* 

hiflh  low 

t«mpeiatuna 


We   have    already   seen    that   nitrogen    dioxide   plays   the 
of   oxygen   in   the  manufacture  of   sul- 
furic   acid    by    the    chamber    process 
(§  200), 

230.  Nitrous  oxide  (NjO).    Nitrous 

oxide  is  the  "  gas  "  which  the  dentist 

uses  as  an  unEesthetic.     It  was  the  first 

gas  to  be  administered  to  a  patient  to 

render  him  temporarily  unconscious  of 

pain.    Since  it  sometimes  produces 

a   kind   of    hysteria   it  has  been 

named  "  laughing  gas."    . 

It  can  be  con- 
veniently pre- 
pared by  heat- 
ii^  ammonium 
nitrate.  This 
decomposes 
into  water  and 
nitrous  oxide : 


The  apparatuB  may  be  set  up  as  shown  in  figure  133.  The  heat 
must  be  carefully  regulated  or  an  explosion  may  oecnr.  The  nitrate 
flrat  melts  and  then  begins  to  effervesce  as  it  decomposes.  One  of 
the  products  is  steam,  which  is  condensed  in  the  catch  bottle ;  the 
other,  nitrous  oxide,  is  oolleoted  over  warm  water,  in  which  it  is  but 
■lightjy  soluble. 
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Nitrous  oxide  is  a  colorless  gas  with  a  sUghtly  sweet  taste. 
It  supports  combustion  almost  as  well  as  oxygen.  Unlike 
oxygen,  however,  it  does  not  unite  with  nitric  oxide  to  form 
the  brown  dioxide.  It  will  not  support  the  combustion  of 
sulfur  unless  it  is  burning  vigorously.  Nitrous  oxide  is.  easily 
liquefied  and  in  this  form  is  sold  in  steel  cylinders.  When  it  is 
used  in  minor  operations,  it  is  customary  to  mix  it  with  air  in 
order  not  to  deprive  the  patient  entirely  of  oxygen. 

It  will  be  well  to  compare  the  action  of  heat  on  anmionium 
nitrate  and  on  ammonium  nitrite : 

NH4N0a  — ^  2  H2O  +  N2 

ammonium  water         nitrogen 

nitrite 

This  was  the  reaction  which  we  used  in  preparing  pure  nitrogen 

(§  75). 

SUMMARY  OF  CHAPTER  XX 

NITRIC  ACID  IS  MADE  by  heating  concentrated  sulfuric 
acid  and  sodium  nitrate.  It  is  a  colorless  liquid  which  mixes  with 
water.  The  commercial  concentrated  acid  contains  32  per  cent 
of  water. 

NITRIC  ACID  is  easily  decomposed,  forming  oxides  of  nitrogen 
and  free  oxygen.  It  is  a  powerful  oxidizing  agent  A  mixture  of 
nitric  and  hydrochloric  acid  is  aqua  regia;  this  furnishes  nascent 
chlorine. 

UNLIKE  MOST  ACIDS  nitric  acid  very  seldom  produces 
free  hydrogen  with  metals.  Oxides  of  nitrogen  are  usually  the 
products ;  in  some  cases  ammonia  may  be  formed. 

NITRATES  MAY  BE  PREPARED  by  the  action  of  nitric  acid  on — 

(1)  metals,  except  gold  and  platinum; 

(2)  oxides  and  hydroxides ; 

(3)  salts  giving  volatile  products. 

NITRIC  ACID  IS  USED  in  the  preparation  of  explosives,  ferti- 
lizers, and  dyes.  Of  the  nitrates  those  of  sodium  and  potassium 
are  the  most  important.  Sodium  nitrite  is  made  by  heating  sodium 
nitrate. 
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NITRIC  OXIDE  (NO)  is  prepared  by  the  action  of  dilute  nitric 
add  on  copper.  In  contact  with  oxygen  it  produces  nitrogen 
dioxide  (NO2),  which  is  a  reid-brown  gas,  poisonous,  and  soluble 
in  water.  Nitrogen  dioxide  on  cooling  doubles  its  molecules  and 
passes  into  nitrogen  tetroxide  (N2O4). 

NITROUS  OXIDE  (N2O)  is  made  by  heating  ammonium 
nitrate.  It  supports  combustion.  It  is  used  in  surgery  to  produce 
anaesthesia. 

QuBSTiONS  Ain>  Problems 

1.  Why  are  the  deposits  of  Chile  saltpeter  so  valuable? 

2.  Why  is  sodium  nitrate  instead  of  potassium  nitrate  used  in  the 
manufaoture  of  nitrio  acid? 

3.  What  is  aqua  ammonia  f  aqua  fortis  f  aqua  regia  f 

4.  Explain  how  the  chloride  is  formed  when  gold   or  platinum 
dissolve  in  aqua  regia. 

6.  Name  three  metals  which  dissolve  in  nitric  acid  but  do  not 
dissolve  in  hydrochloric  acid. 

6.  State  the  law  which  is  illustrated  in  the  oxides  of  nitrogen. 
Explain. 

7.  How  would  you  distinguish  nitrous  oxide  from  oxygen  ? 

8.  How  many  grams  of  nitric  acid  could  be  made  from  10  grams 
of  sodium  nitrate? 

9.  How  many  grams  of  nitric  acid  could  be  made  from  10  grams  of 
potassium  nitrate?    Compare  this  answer  with  that  to  Problem  8. 

10.  Calculate  the  density  (grams  per  liter)  of  nitric  oxide  from 
the  formula  NO. 

11.  Compute  the  weight  of  copper  which  will  be  needed  to  generate 
with  dilute  nitric  acid  one  liter  of  nitric  oxide  (standard  conditions). 

12.  One  liter  of  nitrio  oxide  is  converted  into  nitric  dioxide  by 
contact  with  the  air.  How  many  liters  of  air  (approximately)  will 
be  required? 

Topic  for  Further  Study 

Sodium  nitrate  from  Chile.  How  is  the  material  mined,  purified, 
and  shipped  ?  How  long  will  the  present  supply  probably  last  ?  {^Dunr 
can^B  Chemistiy  of  Commerce.) 


CHAPTER  XXI 
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Reversible  reactions  —  kinetic  equilibrium  —  Law  of  Con- 
centration, or  Mass  Action  —  effect  of  temperature  —  effect 
of  catalysts. 

Fixation  of  nitrogen  —  direct  oxidation  —  ammonia  pro- 
cess —  cyanamide  process.  Explosives  —  nitrogen  cycle  — 
nitrogen  compounds  as  fertilizers. 

231.  Reversible  reactions.  We  have  already  met  a  number 
of  reactions  which  will  *^  work  backwards  "  when  the  conditions 
are  changed.  We  have  called  these  reversible  reactions  and 
have  indicated  them  by  a  double  arrow.  For  example,  when 
steam  is  passed  over  hot  metallic  iron,  hydrogen  is  set  free,  and 
iron  oxide  is  formed ;  but  if  hydrogen  is  passed  over  hot  iron 
oxide,  the  oxide  is  reduced  to  iron,  and  water  is  formed : 

3  Fe  +  4  H2O  =:^=^  Fe304  +  4  H2 

iron  steam  iron         hydrogen 

oxide 

In  the  first  case  we  read  the  equation  from  left  to  right,  and  in 
the  second  case  from  right  to  left.  In  the  first  case  we  sweep 
out  the  hydrogen  with  a  surplus  of  steam  and  prevent  the 
reverse  action ;  in  the  second  case  we  sweep  out  the  steam  with 
a  surplus  of  hydrogen. 

Another  example  of  a  reversible  reaction  is  the  case  of  hydro- 
chloric acid.  In  a  normal  solution  (that  is,  one  containing 
36.5  grams  HCl  per  liter)  about  78  per  cent  of  the  molecules  are 
ionized,  and  the  rest  are  in  the  molecular  state.  This  condi- 
tion we  represent  by  the  following  equation : 

HC1=^^H+  +  C1- 
22& 
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\i  we  add  water  and  make  the  solution  more  dilute,  more  mole- 
cules dissociate,  and  the  reaction  goes  from  left  to  right ;  but 
if  we  evaporate  the  solution,  the  ions  combine,  and  the  reaction 
goes  from  right  to  left. 

232.  Kinetic  equilibrium.  In  the  first  example  we  might 
inclose  some  iron  turnings  and  steam  in  a  dosed  tube  and  keep 
the  temperature  high  enough  for  either  reaction  to  go  on.  If 
we  should  keep  the  tube  in  this  condition  for  some  time  and 
then  should  open  it,  we  should  find  that  no  progress  had  been 
made  in  either  direction ;  some  of  the  iron  would  be  oxidized, 
and  there  would  be  a  certain  proportion  of  hydrogen  and  of 
steam.  This  balanced  condition  is  not  believed  to  be  due 
to  any  cessation  of  chemical  action,  but  rather  to  the  fact 
that  both  actions  are  going  on  at  the  same  rate.  Therefore  it  is 
called  kinetic  equilibrium. 

In  the  case  of  a  solution  of  hydrogen  chloride  we  believe 
that  the  molecules  are  moving  about  rapidly  and  are  constantly 
splitting  up  into  hydrogen  ions  and  chlorine  ions.  At  the 
same  time  these  ions  in  their  wanderings  about  the  solution 
are  meeting  others  with  an  opposite  charge  and  are  uniting 
to  form  molecules  of  hydrogen  chloride.  The  result  is  that 
although  the  molecules  are  continually  dissociating  and  as- 
sociating again,  yet  the  ratio  between  the  ions  and  the  mole- 
cules does  not  change  so  long  as  the  volume  of  the  solution 
and  its  temperature  remain  constant.  This,  then,  is  another 
case  of  kinetic  equilibrium. 

We  must  not  conceive  of  kinetic  equilibrium  as  a  condition  of  rest. 
It  may  help  us  to  grasp  the  idea  if  we  think  of  a  tank  which  has  water 
pumi)ed  in  and  flowing  out  at  such  a  rate  that  it  stays  just  three- 
fourths  full.  The  level  of  the  water  remains  constant^  but  the  actual 
water  is  continually  changing.  This  is  a  mechanical  analogue  of  kinetic 
equilibrium. 

233.  Law  of  Concentration.  In  practical  chemical  work 
we  usually  want  our  reactions  to  continue  in  one  dxrectxou  xm^vV 
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we  obtain  as  much  of  the  product  as  possible.  Therefore  it  is 
necessary  to  study  all  the  conditions  of  equilibrium  and  es- 
pecially the  effect  of  concentration.  We  can  cause  a  reaction 
which  is  in  equilibrium  to  go  on  further  in  one  direction  or  the 
other  by  increasing  the  concentration  of  one  of  the  substances 
in  the  reaction  mixture.  By  concentration  we  mean  simply 
the  amount  of  material  in  a  given  volume. 

If  in  the  case  of  the  equilibrium  in  the  closed  tube  containing 
iron  and  steam  we  should  open  the  tube  and  allow  some  of  ^he 
hydrogen  to  escape,  more  would  be  formed,  and  the  reaction 
would  go  from  left  to  right;  but  if  only  the  steam  were  per- 
mitted to  leave  the  tube,  then  the  hydrogen  would  go  on  acting 
with  the  oxide  to  restore  the  proportion,  and  the  reaction  would 
go  from  right  to  left.  The  continuance  of  the  reaction  in  one 
direction  or  the  other  depends  on  the  relative  amounts  in  a 

given  volume  of  the  active  substances,  hydro- 
-H2SO4     gen  and  steam ;  that  is,  on  their  concentration. 

This  is  sometimes  called  the  Law  of  Mass  Action. 


To  illustrate  the  application 
of  this  law  to  solutions,  we 
place  some  saturated  sodiiun 
chloride  solution  in  a  crystal- 
lizing dish.  We  then  introduce 
hydrogen  chloride  gas  through 
an  inverted  funnel  (Fig.  134). 
After  a  short  time  crystals  of 

sodium  chloride  are  formed  in 
Pig.  134.    Pure  Mltpr^d^toted  by  hydro-    the  saturated  solution. 

V 

In  the  saturated  salt  solution  we  have  a  case  of  equilibniun 
between  the  ions  and  the  molecules  of  salt : 


NaCl 


Na+  +  Cl- 


When  we  introduce  hydrogen  chloride  gas  we  add  another  case 
of  eauilibrium : 


of  equilibrium : 


HCl 


H+  +  CI- 
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We  have  increased  the  concentration  of  the  chlorine  ions,  which 
means  that  the  sodium  ions  meet  the  chlorine  ions  more  fre- 
quently than  before,  and  therefore  they  combine  to  form  mole- 
cules of  salt  faster  than  the  molecules  dissociate.  But  the 
solution  already  is  saturated  with  molecules  of  salt ;  hence  salt 
crystallizes  out  as  pure  sodium  chloride. 

We  may  generalize  these  facts  into  the  Law  of  Concentration, 
or  Mass  Action,  as  follows : 

By  increa^ng  the  concentration  of  one  of  the  reacting  substances 
or  by  decreasing  the  concentration  of  one  of  the  productSj  we  may 
cause  the  chemical  action  to  go  more  nearly  to  completion  in  a 
given  direction, 

234.  Applications  of  the  Law  of  Concentration.  We  have 
already  seen  that  a  reaction  will  go  to  an  end  — 

(1)  if  one  of  the  products  is  volatile : 

NaCl  +  H2SO4  — >-  NaHS04  +  HCl  t 

(2)  if  one  of  the  products  is  insoluble  : 

NaCl  +  AgNOa  — >-  NaNOs  +  AgCl  i 

(3)  if  one  of  the  products  does  not  ionize : 

NaOH  +  HCl  — >-  NaCl  +  H2O 

All  neutraUzation  reactions  go  to  an  end  because  water,  which 
is  always  one  product,  is  practically  nonionized. 

In  each  of  these  cases  we  see  that  the  action  goes  to  completion 
because  one  of  the  products  is  removed;  that  is,  its  concentration 
becomes  practically  zero. 

Many  reactions,  however,  do  not  go  quite  to  an  end  because 
no  product  is  absolutely  insoluble.  Take,  for  example,  the 
reaction 

Ba(N03)2  +  H2SO4  — >-  BaS04  i  +  2  HNO^ 
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The  barium  sulfate  is  practically  insoluble  but  not  quite  so. 
If  we  wish  to  precipitate  all  of  the  barium  from  a  solution  we 
add  an  excess  of  sulfuric  acid.  In  this  way  we  increase  the 
concentration  of  the  SO4  ions  and  so  precipitate  the  Ba+  + 
ions  more  completely. 

In  the  experiments  on  combustion  we  found  that  charcoal 
and  other  materials  bum  faster  in  pure  oxygen  than  in  air 
(which  is  oxygen  diluted  with  nitrogen).  In  a  steamship  the 
coal  is  burned  under  forced  draft  in  order  to  supply  thfe  oxygen 
faster ;  that  is,  to  increase  the  amount  of  oxygen  available  at 
any  one  time.  According  to  the  Law  of  Concentration,  or 
Mass  Action,  we  express  these  facts  by  stating  that  the  speed 
at  which  a  given  material  bums  depends  for  one  of  its  factors  upon 
the  concentration  of  the  oxygen, 

235.  Effect  of  temperature.  We  have  already  seen  many 
cases  in  which  an  increase  in  the  temperature  hastens  a  chemical 
reaction.  It  has  been  found  that,  in  general,  a  rise  of  10°  C. 
about  doubles  the  speed  of  most  reactions. 

For  example,  the  directions  on  a  Kodak  Development  Tank  state 
that  when  the  solution  is  70°  F.,  the  time  needed  to  develop  a  photo- 
graphic film  is  15  minutes ;  at  65°  F.,  20  minutes ;  at  60°  F.,  25  minutes ; 
and  at  55°  F.,  30  minutes.  This  means  that  raising  the  temperature  of 
the  developer  15  degrees  Fahrenheit  (or  8.3°  centigrade)  makes  it  work 
twice  as  fast. 

The  condition  of  equilibrium  of  any  chemical  reaction  de- 
pends on  the  temperature.  A  change  in  temperature  will 
almost  always  cause  the  equilibrium  to  shift  in  one  direction 
or  the  other.    This  has  been  shown  in  the  following  equation : 

2NO2        ^=^        N2O4 

high  low 

temperatures  temperatures 

A  rise  in  temperature  favors  the  formation  of  the  nitrogen 
dioxide  from  the  nitrogen  tetroxidje  with  a  corresponding  in- 
crease in  color.    On  cooling  again  the  nitrogen  dioxide  goes 
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back  to  the  tetroxide  and  the  color  fades.  For  every  temperature 
there  is  a  certain  ratio  between  the  amounts  of  these  two  oxides, 

236.  Effect  of  catalysts.  Many  reactions  do  not  come  to 
equiUbrium  as  quickly  as  in  the  case  just  discussed.  For  ex- 
ample, a  mixture  of  nitrogen  and  hydrogen  will  stand  at  500°  C. 
and  no  change  will  take  place.  If,  however,  we  pass  this  mix- 
ture of  gases  at  the  same  temperature  over  finely  divided  iron, 
the  reaction  follows  at  once,  and   3  per   cent  of  anmionia 

isfonned:  N.  +  3  H.  ^F^  2  NH, 

A  catalyst  will  thus  increase  the  speed  of  a  reaction  land  cause 
it  to  reach  rapidly  a  condition  of  equiUbrium.  As  pointed  out 
before,  it  acts  as  a  chemical  lubricant,  overcoming  a  certain 
amount  of  hindrance  to  the  action.  A  catalyst  will  not,  how- 
every  change  the  equilibrium  of  a  reaction.  We  can  find  no 
catalyst  which  will  cause  nitrogen  and  hydrogen  to  combine 
to  a  greater  extent  than  they  do  in  the  presence  of  heated  iron. 

Fixation  of  Nitrogen 

237.  The  problem  of  fixation  of  nitrogen.  Nitric  acid  and 
the  nitrates  are  important  in  our  modem  Ufe  because  they  are 
necessary  in  the  manufacture  of  explosives  and  of  fertilizers. 
The  principal  source  of  nitric  acid  and  the  nitrates  was  formerly 
the  deposits  of  sodium  nitrate  in  Chile.  This  supply  is  not 
only  rapidly  becoming  exhausted,  but  it  may  at  any  time  be 
cut  oflF  from  the  rest  of  the  world  through  some  such  con- 
tingency as  war.  The  atmosphere,  however,  contains  enormous 
quantities  of  nitrogen  from  which  it  should  be  possible  to  syn- 
thesize nitric  acid  and  its  derivatives.  In  fact,  a  number  of 
successful  methods  have  been  developed  for  doing  this  very 
thing;  they  are  called  processes  for  the  fixation  of  nitrogen. 
We  shall  consider  three  of  the  most  important  of  these  and 
shall  find  that  what  we  have  just  learned  about  reversible 
reactions  will  be  of  great  value  in  understanding  them. 
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238.  Direct  oiidatioii.  Nitrogen  and  oxygen  will  combine 
to  a  very  sli^t  extent  at  a  very  hi(^  temperature.  The  re- 
action ia  a  reversible  one  and  proceeds  to  the  right  as  the 
temperature  is  increased : 

At  2000"  C.  only  about  one  per  cent  of  the  mixed  gases  com- 
bine ;  at  3000"  C,  about  five  per  cent ;  while  at  ordinary  tem- 
peratiues  the   equihbrium   mixture   contains  practically  no 


Fig.  135.    Diagram  of  the  BlTkUnd-Eyde  procets  of  flzation  of  oitrogeii. 


oxide.  If  the  mixture  of  nitrogen  and  oxygen  is  heated  to 
3000"  ■  C  and  is  then  allowed  to  cool  down  slowly  to  room 
temperature,  there  will  be  no  apparent  change.  The  nitric 
oxide  which  was  formed  at  the  high  temperature  will  keep 
reverting  to  its  elements  as  the  temperature  is  gradually  lowered. 
If,  however,  the  mixture  is  (pdddy  cooled,  the  reaction  does  not 
have  time  to  reverse  itself  completely,  and  a  certain  amount  of 
nitric  oxide  will  be  left.  A  number  of  conmiercial  processes 
for  directly  oxidizing  atmospheric  nitrogen  are  based  on  this 
principle  (Fig.  135).  In  all  of  these  processes  air  is  blown 
through  a  fiame  produced  between  the  electrodes  of  a  power- 
ful electric  arc.  In  passing  through  this  arc  the  air  reaches  a 
hi^  temperature  and  is  then  suddenly  cooled  as  it  leaves  the 
flame.  The  gas  from  such  a  furnace  contains  about  one  per 
cent  of  nitric  oxide.    Since  there  is  an  excess  of  oxygen  from 
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the  air  in  this  mixture,  the  nitric  oxide  goes  into  nitrogen 
dioxide  as  the  gas  is  cooled  : 

Ni  +  0»  — *-  2  NO ;  high  temperature 
2  NO  +  0,  — *-  2  NO, ;  lower  temperature 

The  gaaes  are  now  led  through  towers  down  which  water  ■ 
drips,  and  the  nitrogen  dioxide  combines  with  the  v/&\xt,  form- 
ing nitric  acid  and  nitric  oxide.  The  latter  comes  in  contact 
with  air  and  produces  more  nitrogen  dioxide,  which  in  turn 


m 


Pig.  136.    Electric-arc  fnmacl  imd  to  fix  mtrogan. 

reacts  with  the  water.     Thus,  in  the  presence  of  air  nitric 
oxide  will  completely  dissolve  in  water,  forming  nitric  acid : 
3  NOi  -I-  H,0  ^  2  HNO»  +  NO 
2  NO  +  Oi  — »-  2  No, 
4  NOi  +  2  H,0  +  Oj  — >-  4  HNO, 

This  nitric  acid  is  neutralized  with  calcium  carbonate,  forming 
calcium  nitrate,  which  is  used  chiefly  as  a  fertilizer  and  as  a 
source  of  nitric  acid. 

This  method  of  making  nitric  acid  (known  as  the  Birkland- 
Eyde  process)  has  worked  successfully  in  Norway,  where 
electric  power  is  cheap  on  account  of  the  abundant  water 
power.  The  Birkland-Eyde  electric  furnace  (Fig.  136)  uses 
an  electromagnet  to  spread  out  the  arc  into  a  disk  of 
flame. 
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239.  Ammonia  process.    We   have   already  seen    (§213) 
that  ammonia  can  be  prepared  according  to  the  Haber  process 
by  combining  hydrogen  with  the  nitrogen  of  the  air.     Nitric 
acid  can  then  be  made  by  the  oxidation  of  the  ammonia,  which 
^       is  done  by  heating  a  mixture  of  ammonia 
__^     and  air  in  contact  with  some  catalyst,  such 
p     as  platinum.    This  process  works  at  a  rela- 
tively low.  temperature  and  therefore  re- 
quires very  little  energy. 

240.  Cyanamide  process.    There  is  an- 
other ammonia  process  which  is  not  so  di- 
I        rect.     Calcium  carbide  (CaCj),  which  is 
_     used  to  general*  acetylene,  will  combine 
~~     with   nitrogen  when  heated    (Fig.    137), 
-J        fonning  carbon  and  a  compound   called 
calciiun  cyanamide  (CaCNa) : 

CaCj  +  Ni  — »-  CaCNj  +  C 

When  this  compound  (CaCNj)  is  treated  with  steam  under 
pressure    it  decomposes,  forming  calcium  carbonate  and  am- 

^^^^         CaCNj  +  3  HsO  — >-  CaCO^  +  2  NH,  t 

The  ammonia  is  oxidized  into  nitric  acid,  as  described  in  the 
precedii^  section,  according  to  the  following  reaction : 

NH,  -I-  2  Oj  — »-  HNOs  +  H,0 

The  preparation  of  nitric  acid  from  sodium  nitrate  is  or- 
dinarily the  most  economical  process,  but  the  newer  methods 
of  Biaking  it  from  atmospheric  nitrogen  are  coming  into  use. 

241.  Explosives.  An  explosion  is  a  very  rapid  chemical 
action  in  which  a  lai^  volume  of  hot  gases  is  produced  from 
liquid  and  solid  materials  called  explosives.  The  more  rapid 
ttifi  action  and  the  greater  the  quantity  of  gases  produced,  the 
more  violent  is  the  explosion. 
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All  modem  explosives  contain  nitrogen  and  are  prepared 
from  nitric  acid.  Old-fashioned  black  powder  is  a  mixture 
of  charcoal,  sulfur,  and  potassium  nitrate.  On  being  ignited 
it  bums  suddenly  with  the  evolution  of  a  large  volume  of  gases. 

Place  a  small  pile  of  gunpowder  on  a  brick ;  then  bring  the  ends  of 
two  wires  which  are  connected  to  the  secondary  of  a  small  induction 
coil  almost  together 
and  embed  them  in 
the  powder.  When 
the  electric  spark  is 
discharged  between 
the  wires,  the  poVder 
bums  with  a  huge 
puff  of  smoke  (Fig. 
138). 


If  this  action  oc- 


Key 

Fig.  138.     Gunpowder  exploded  by  an  induction  coil. 


curs  in  a  confined 

space,  such  as  a  gun  barrel,  a  strong  expansive  force  is  exerted. 

Modem  explosives  are  carbon  compounds  which  contain 
nitrogen  and  oxygen.  They  are  formed  by  the  action  of 
nitric  acid  on  a  number  of  different  substances.  They  all 
have  the  property  of  decomposing  quickly  when  they  are 
ignited,  or  when  another  explosive  is  set  off  very  near  them. 
This  latter  process  is  called  detonation.  When  they  decom- 
pose they  "produce  an  enormous  volume  of  gases  at  a  high  tempera- 
ture,  and  these  gases  exert  a  terrific  pressure,  which  does  the 
work  required  of  an  explosive. 

The  explosive  which  forms  the  basis  of  the  smokeless  powder 
used  in  guns  of  all  calibers  is  made  by  the  action  of  nitric  acid 
on  cotton.  Cotton  is  a  compound  of  carbon,  hydrogen,  and 
oxygen,  called  cellulose,  and  the  action  of  the  nitric  acid  con- 
verts it  into  a  compound  called  nitrocellulose.  The  nitro- 
cellulose is  tiuned  into  a  jelly-like  mass  by  certain  solvents; 
this  is  pressed  out  into  short  rods  or  strips  and  dried.  It  bums 
in  the  barrel  of  a  gun  when  ignited  by  tha  ^raciss%  s«fcax?;^\ 
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the  gases  produced  push  out  the  projectile  (Fig.  139).  Trini- 
trotolueae  (T.N.T.)  and  picric  acid  are  the  explosives  used  inside 
high-explosive  shells,  in  mines,  and  in  depth  charges ;  they  are 
produced  by  the  action  of  nitric  acid  on  toluene  and  carbolic 
acid  respectively  These  latter  substances  are  prepared  from 
coal  tar  Tnmtrotoluene  (TNT)  and  picric  acid  can  be  set 
off  only  by  first  exploding  m  them  a  more  sensitive  explosive 


^^: 


Fig.  [39.     Hodem  projectila  used  In  the  funoni  French  73 


(a  detonator) .  They  explode  suddenly  and  with  much  violence, 
causing  great  damage. 

Nitroglycerin  is  made  by  the  action  of  nitric  acid  on  glycerin 
(CtH6(OH)3).  It  is  a  very  sensitive  explosive  and  is  little 
used  unmixed.  When  it  is  soaked  up  in  sawdust  or  some  other 
porous  material,  and  mixed  with  sodium  nitrate,  dynamite  is 
produced,  X)ynamite  is  too  violent  and  sensitive  an  explosive 
to  be  used  in  guns  or  shells.  It  is  used  for  blasting,  for  making 
large  holes  in  the  earth,  and  for  wrecking  purposes  both  in  war 
and  peace.  It  is  extensively  used  in  modem  agriculture  for 
blasting  out  stumps  (Fig.  140),  breaking  up  bowlders,  blasting 
ditches,  as  well  as  in  preparing  the  holes  for  the  planting  of  trees. 

All  modem  warfare  is  based  on  the  prodigious  use  of  ex- 
plosives of  all  kinds,  which  in  turn  depend  for  their  manufacture 
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on  nitric  acid.  A  belligerent  country  shut  off  from  the  supply 
of  Chile  saltpeter  must  have  some  method  of  producing  nitric 
acid  from  the  air  or  else 
have  large  stocks  of  salt- 
peter stored  up.  In  the 
recent  great  war  Germany- 
was  able  to  continue  fight- 
ing, only  because  her  chem- 
ists had  perfected  the  pro- 
cesses for  the  production  of 
nitric  acid  from  the  air. 

242.  Nitrogen  cycle  in  Kg.  ,^. 
nature.  Nitrc^en  com- 
pounds are  an  essential  part  of  all  Uving  plants  and  animals. 
Those  nitrogen  compounds  which  occur  naturally  are  called 
proteins ;  they  are  composed  of  carbon,  nitrogen,  oxygen,  and 
hydrogen.  The  plant  is  able  to  build  them  up  from  the  water, 
carbon  dioxide,  and  the  inoi^nic  nitrates  which  it  finds  in  the 
soil.  The  protein  in 
animals  is  obtained  en- 
tirely from  the  plants 
or  other  animals  which  ' 
they  consume.  The 
waste  productsof  plant 
and  animal  Ufe  contain 
the  nitrogen  of  the  orig- 
inal protein  combined 
in  a  number  of  differ- 
ent compounds,  which 
are  easily  acted  upon 
by  certain  bacteria  in 
the  soil,  forming  am- 
monium compounds. 
These  aaunonium  compounds  in  turn  are  oxidized  by  other 
bacteria  tomtmtes,  which  can  be  taVftttu-pV)^  -pV-oSA^^'ist.-^-*'^- 


Fig.  141.    nitrogen  cycle. 
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Thus  nitrogen  makes  a  Cfcle  through  plant  and  animal  life 
and  the  soil. 

243.  Nitrogen  compounds  as  fertilizers.  Unfortunately 
there  are  two  factors  at  work  upsetting  this  cycle.  In  the 
first  place,  there  are  certain  bacteria  which  convert  some  of 
the  nitrates  of  the  soil  into  free  nitrogen,  which  is  thus  lost. 
In  the  second  place,  in  modem  civilization  the  waste  products 
of  plant  and  animal  life  no  longer  find  their  way  back  to  the 
Boil ;  large  quantities  of  them  are  forever  wasted  by  being 
dumped  into  rivers  and  the  sea.  For  these  reasons  nitrogen 
must  be  continually  supplied  to  the  soil  in  some  form  in  which 
the  plants  can  use  it.  If  the  waste  products  of  life,  such  as 
manure,  are  available,  they  make  an  excellent  fertilizer,  but 
the  supply  is  very  Umited.  The  artificial  fertilizers  which  can 
be  prepared  by  the  chemist  consist 
of  ammonium  compounds  and  the 
nitrates.  Most  of  the  nitric  acid 
produced  by  the  direct  oxidation  of 
nitrogen  is  converted  into  calcium 
nitrate,  which  is  used  directly  as  a 
fertilizer.  In  some  localities  calcium 
cyanamide  can  be  used  directly  as  a 
nitrogen  fertilizer.  The  ammonia 
prepared  from  it,  or  prepared  by  the 
Haber  process,  can  be  used  as  am- 
monium salts,  or  it  may  be  oxidized 
to  nitric  acid  and  used  as  nitrates. 
This  problem  of  obtaining  availr^le 
nitrogen  for  plants  from  the  atmosphere 
ia  one  which  iviU  have  great  economic  importance  in  the  years  to  come. 
Some  plants  have  themselves  the  power  of  convertir^  the 
nitrogen  of  the  air  into  useful  compounds.  This  is  brought 
about  by  certain  bacteria  which  are  foimd  in  the  tubercles  on 
the  roots  of  leguminous  plants,  such  as  peas  and  clover  (Fig. 
142).    It  is  now  possible  to  buy  these  bacteria  and  to  inoculate 
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beans  and  similar  plants  with  them  before  planting.  This  in- 
sures the  growth  of  the  bacteria  on  the  roots  of  the  plant  and 
consequently  the  direct  production  of  a  nitrogen  fertilizer  by 
the  plant  itself. 

SUMMARY  OF  CHAPTER  XXI 

REVERSIBLE  REACTIONS  come  to  a  condition  of  equilibrium 
in  which  the  two  opposite  reactions  proceed  at  the  same  rate,  and 
the  average  percentage  composition  of  the  mixture  remains  con- 
stant. 

THE  LAW  OF  CONCENTRATION,  OR  MASS  ACTION,  states 
that  by  increasing  the  concentration  of  one  of  the  reacting  sub- 
stances or  by  decreasing  the  concentration  of  one  of  the  products 
a  reaction  may  go  more  nearly  to  completion  in  a  given  direction. 

THE  COMPOSITION  OF  THE  EQUILIBRIUM  MIXTURE 
depends  on  the  temperature.  A  catalyst  may  be  used  to  increase 
the  speed  of  the  reaction  and  cause  the  equilibrium  to  be  estab- 
lished quickly,  but  it  does  not  change  the  composition  of  the  equilib- 
rium mixture. 

THE  FIXATION  OF  NITROGEN  means  the  process  of  manu- 
facturing nitrogen  compounds  out  of  the  free  nitrogen  of  the  air. 

THE  COMMERCIAL  PROCESSES  for  the  fixation  of  nitrogen 
include  the  following : 

(1)  the  direct  oxidation  (Birkland-Eyde) ; 

(2)  the  synthesis  of  ammonia  (Haber) ; 

(3)  the  cyanamide  process. 

The  ammonia  made  in  these  last  two  processes  can  be  oxidized 
to  nitric  acid. 

NITRIC  ACID  is  used  in  the  manufacture  of  all  explosives. 
Smokeless  powder  is  nitrocellulose  and  is  made  from  cotton. 
The  bursting  charge  in  shells,  mines,  etc.,  is  trinitrotoluene 
(T.N.T.)  or  picric  acid.  Dynamite  is  nitroglycerin  absorbed  in 
some  porous  material  and  mixed  with  sodium  nitrate. 

NITRATES  are  essential  to  plant  growth.  Nitrogen  goes 
through  a  cycle  in  animal  and  plant  life  and  the  soil.  This  cycle 
is  upset  by  several  factors.  For  this  reason  nitrates  must  be 
applied  to  the  land  as  fertilizers. 
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QuEsnoNS 

1.  Write  the  reaction  of  zinc  oxide  on  carbon  monoxide  as  a  re- 
versible reaction.     State  how  the  direction  may  be  controlled. 

2.  Write  the  reaction  of  ammonia  and  water  as  a  reversible  reaction. 
State  the  conditions  which  control  its  direction. 

8.  Write  the  reaction  for  the  decomposition  of  the  red  oxide  of 
mercury.     Under  what  conditions  is  this  reaction  reversible? 

4.  Why  is  chemical  equilibrium  considered  kinetic? 

5.  State  the  Law  of  Concentration,  or  Mass  Action.    Why  is  it 
important  to  the  industrial  chemist? 

6.  What  is  meant  by  sasdng  that  a  reaction  goes  to  an  end? 

7.  State  three  conditions  imder  which  reactions  do  go  to  an  end. 
Illustrate  by  equations. 

8.  Examine  the  following  reactions  and  write  the  complete  equa- 
tions for  those  which  go  to  an  end.     State  the  reason  in  each  case. 


NaCl  +  Pb(N08)2 

NaNOa  +  CUSO4 

BaCl,  +  KNO3 

ZnCU  +  AgNOs 

CaCO,  +  HCl 


FeS  -h  H2SO4  — >-  ? 

KOH  +  HNO3  — ^  ? 

Pb(N03)2  +  H2SO4  — >-  ? 

NaNO,  +  K2SO4 

ZnS04  +  HNO3 


9.  Why  are  catalysts  so  commonly  used  in  commercial  chemical 
processes  ? 

10.  Why  is  the  "  fixation  of  nitrogen  "  such  an  important  chemical 
problem  ? 

11.  When  black  gunpowder  is  ignited,  the  reaction  may  be  expressed 
in  the  following  equation : 

2  KNOj  +3  C  -h S  — ►  K2S  +3  CO2  +  N2 

What  are  the  approximate  proportions  in  which  the  three  components 
of  gunpowder  are  mixed? 

12.  What  per  cent  of  the  products  in  the  equation  just  given  are 
gases? 

18.  What  other  elements  besides  nitrogen  are  essential  to  plants? 

14.  How  does  a  plant  get  its  supply  of  nitrogen? 

J  A  How  does  an  animal  get  its  supply  of  nitrogen? 
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16.  Name  and  give  the  formulas  for  four  fertilizers  containing 
nitrogen. 

17.  What  sort  of  plants  can  "  fix ''  atmospheric  nitrogen? 

18.  ''  Sulfate  of  ammonia ''  is  a  very  concentrated  commercial 
fertilizer.    What  per  cent  of  nitrogen  does  it  contain? 

Topics  for  Further  Study 

The  fixation  of  nitrogen  in  the  United  States.  What  methods  of 
fixing  nitrogen  are  commercially  possible  to-day  ?  What  methods  have 
been  us^  on  a  large  scale  in  this  country?  Why  is  the  manufacture 
of  nitrogen  compounds  from  the  air  of  national  importance  ?  (Slosaon^a 
Creative  Chemistry,  Duncan's  Chemistry  of  Commerce,  U,  S.  Dept 
of  Commerce  Bulletin  No,  62  —  Utilization  of  Atmospheric  Nitrogen, 
and  Findlay*8  Chemistry  in  the  Service  of  Mankind.) 

Explosives.  Why  are  nitric  and  sulfuric  acids  considered  the  prime 
essentials  for  the  manufacture  of  explosives?  What  other  materials 
are  needed  for  war-time  explosives?  for  commercial  explosives? 
What  is  the  difference  in  action  between  smokeless  powder,  T.N.T., 
mercury,  fulminate,  and  dynamite?  How  is  each  made?  What  ex- 
plosives are  used  in  mining  and  agriculture?  {Martin's  Modem 
Chemistry,  Tilden's  Chemical  Discovery  and  Invention,  and  Bird's 
Modem  Science  Reader.) 


CHAPTER  XXII 

CARBON,  HEAT,  AND  FUELS 

Carbon,  its  allotropic  forms  —  diamond  and  graphite  — 
coal,  coke,  lampblack,  and  boneblack  —  chemical  behavior  of 
carbon  —  coal  as  fuel  —  heat  units  —  calorimeter  —  fuels  and 
smoke  —  petroleum,  gasolene,  kerosene,  oils  —  fuel  gases : 
natural,  coal,  water,  and  producer — gas  burners  and  flames 
—  acetylene  welding. 

244.  Carbon,  a  very  important  element.  Carbon  is  a  most 
interesting  and  unusual  element,  both  in  itself  and  in  its  com- 
pounds. We  shall  therefore  have  occasion  to  devote  some  time 
to  its  consideration.  In  this  chapter  we  shall  study  the  ele- 
ment itself  and  a  few  of  its  compounds  with  hydrogen,  which 
are  used  as  fuels.  In  Chapters  XXIII  and  XXIV  we  shall  go 
on  with  other  important  carbon  compounds,  both  simple  and 
complex.  Its  two  oxides  —  carbon  dioxide  and  monoxide  — 
we  have  described  in  earlier  chapters ;  we  have  already  spoken 
of  its  essential  importance  to  both  plant  and  animal  life.  In 
general  we  may  say  the  following  of  this  element :  that  it  has 
the  usual  characteristics  neither  of  a  metal  nor  of  a  nonmetal ; 
that  it  forms  no  salts  which  give  a  positive  ion ;  and  that  the 
only  acid  which  is  produced  from  its  oxide  (carbonic  acid)  is  a 
very  weak  one. 

246.  Allotropic  forms.  It  certainly  requires  much  imagina- 
tion to  believe  without  more  ado  that  charcoal,  graphite,  and 
diamond  are  only  different  forms  of  one  and  the  same  element. 
But  despite  their  widely  divergent  physical  properties  they  are 
all  elementary  carbon,  and  we  may  prove  this  experimentally 
by  showing  that  each  of  them  will  bum  in  oxygen  and  evolve 
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carbon  dioxide  as  the  sole  product.  Just  as  in  the  case  of 
sulfur,  we  have  here  two  crystalline  forms,  diamond  and 
graphite,  as  well  as  certain  amorphous,  or  noncrystalline,  forms, 
such  as  charcoal  and  lampblack.  It  is  possible  to  change  these 
forms  into  one  another.  Charcoal  can  be  converted  into 
graphite  by  heating  it  to  a  very  high  temperaturel  It  is  even 
possible  to  make  very  small  diamonds  artificially. 

246.   Crystalline    carbon.     In    certain    localities    of    South 
Africa,  South  America,  and  the  East  Indies  diamonds  are 
found  in  gravel  deposits.     In  their 
native  state  they  are  not  at  all  like 
the  gems  which  the  name  suggests. 
They  generally  look  like  ordinary, 
rough  -stones,  hardly   transparent, 
and  with  little  appearance  of  being  Fig.  143.    Diamonds,  rough  and 
crystals.    To  make  them  into  gems  ^^^' 

(Fig.  143)  they  are  ground,  or  "cut,"  in  such  a  way  that  they 
will  reflect  light  from  a  number  of  different  faces;  that  is, 
"  sparkle  "  in  the  light. 

Diamond  is  one  of  the  hardest  substances  known.  It  can 
be  cut  and  polished  only  by  other  diamonds  or  by  diamond 
powder.  Some  diamonds  are  brownish  and  even  black ;  these 
are  used  for  cutting  glass  and  for  giving  a  cutting  edge  to  drills 
and  rock-borers. 

Another  form  of  crystalline  carbon  is  graphite.  Although 
it  occurs  in  nature  abundantly  in  certain  localities,  it  is  now 
also  manufactured  on  a  large  scale  from  hard  coal.  Hard  coal 
is  a  form  of  impure  carbon,  which  passes  into  graphite  when  it 
is  subjected  to  a  very  high  temperature  out  of  contact  with  the 
air.  This  high  temperature  is  produced  in  a  so-called  electric 
resistance  furnace.  A  powerful  electric  current  passes 
through  a  long  bed  of  coal.  Since  coal  is  a  poor  conductor 
of  electricity  its  resistance  to  the  electric  current  produces 
large  quantities  of  heat,  which  raise  the  mass  to  the  desired 
temperature.    The  electric  current  plays  no  p^il  m\Jw^  ^^^sisssiS. 
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changes  brought  about  in  such  a  furnace  but  merely  generates 
the  necessary  heat  (Fig.  144). 

Graphite  is  a  glistenii^,  black  substance,  vrfiich  consists  of . 
a  mass  of  fine,  crystalline,  slippery  scales.  It  is  soft  and  greasy 
and  for  this  reason  enters  very  extensively  into  the  manufacture 
of  lubricants.  It  is  also  used  in  making  "  lead  "  pencils,  stove 
polishes,  and  paint.  Crucibles  are  often  made  of  it  because  it 
will  not  melt  at  the  highest  temperature.  It  is  sometimes 
called  plumbago,  or  black  lead. 


Fig.  144.    GrBphite  electric  furnace. 

247.  Amorplious  carbon.  The  noncrystalline,  or  amorphous, 
form  of  carbon  is  prepared  in  many  ways.  Pure  amorphous  car- 
bon can  be  got  by  heating  cane  sugar,  which  is  a  compound  of 
carbon,  hydrogen,  and  oxygen.  On  being  heated  the  hydrogen 
and  oxygen  escape  as  water  and  leave  the  amorphous  carbon. 
Wood  charcoal  is  another  form  of  amorphous  carbon,  but  it 
contains  a  small  amount  of  impurities  as  ash.  It  is  made  by 
heating  wood  out  of  contact  with  the  air,  a  process  which  is 
called  destructive  distUlation.  Certain  volatile  materials,  such 
as  wood  alcohol  and  acetic  acid,  are  evolved  during  this  treat- 
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^Cooling  ekamher 


Fig.  145.    Modem  plant  for  making  wood  charcoal. 


ment.  In  the  older  processes  for  making  charcoal  these  were 
allowed  to  escape,  but  in  a  modem  plant  (Fig.  145)  they  are 
condensed  and 
used.  Coke  is 
still  another 
common  sub- 
stance which  is 
essentially  amor- 
phous  carbon. 
It  is  formed  from 
coal  in  exactly 
the  same  way 
that  charcoal  is 
made  from  wood.  Both  coke  and  charcoal  are  used  as  fuels  and 
as  reducing  agents  in  metallurgical  operations. 

The  reduction  of  copper  oxide  with  carbon  will  illustrate  this  use. 
We  heat  a  mixture  of  black  copper  oxide  and  charcoal  in  a  hard-glass 

test  tube  (Fig.  146)  and  lead  the  gas 
evolved  into  limewater.  The  white 
precipitate  shows  carbon  dioxide. 
Metallic  copper  is  left  in  the  tube: 

2  CuO  -h  C  — >-  2  Cu  +  COa  t 

We  shall  mention  only  a  few  of 
the  other  forms  of  amorphous  car- 
bon. Lampblack  is  made  by  burn- 
ing certain  oils  in  a  Umited  supply 
of  air  and  collecting  the  soot.  It 
is  almost  pure  carbon.  Large  quan- 
tities are  used  in  the  manufacture 
of  printer's  ink  and  paint.  The 
^  ^^~^  <2_£>    charcoal  which  is  made  by  heating 

bones  without  access  of  air  is  called 
animal  charcoal,  or  boneblack. 
Thus  we  see  that  coke,  charcoal,  and  boneblack  are  produced  by 
the  destructive  distillation  of  coal,  wood,  and  bones  res^^t\^<5^^5 . 


Fig.  146.    Reduction  of  copper 
oxide  by  carbon. 
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248.  Coal.  The  most  important  variety  of  amorphous  carbon 
is  coal  {Fig.  147).  The  coal  we  bum  to-day  was  once  living 
vegetation.  This  has  long  been  buried  under  beds  of  sand  as 
the  result  of  certain  geological  changes  which  have  taken  place 
in  the  earth's  crust,  and  has  been  subjected  to  pressure  and 
fairly  high  temperatures.  In  consequence  the  vegetable  ma- 
teria! has  undergone  a  partial  decomposition,  yielding  amor- 


Fig.  147.    Gangwa; 


phous  carbon  as  the  main  product.  Anthracite  coal  (hard 
coal)  is  about  90  per  cent  carbon,  nearly  all  of  which  is  in 
the  uucombined  state.  Bituminous  coal  (soft  coal)  contains 
somewhat  less  carbon;  a  considerable  part  of  it  is  combined 
with  hydrogen,  oxygen,  nitrogen,  and  sulfur.  Coal  is  used 
directly  as  a  fuel  and  also  for  the  manufacture  of  coke. 

The  pltuit  for  the  production  of  coke  (Fig.  148)  consists  essentially 
of  the  following  parts :  iron  retorts  or  ovens  in  which  the  soft  coal  is 
heated;  a  series  of  towers  and  scrubbers  through  which  the  gases  paas 
in  order  to  remove  heavy,  tairy  material  (coal  tar),  ammonia  gas,  and 
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hydrogen  sulfide;  e,  gas  holder  to  collect  the  purified  coal  gas.  The 
coke  is  left  in  the  retorts.  Co»l  tar  and  ammonia,  as  well  as  the  coal 
gas  and  the  coke,  are  of  great  oomnierGial  value. 


249.  Cliemical  behavior  of  carbon.  None  of  the  fonns 
of  carbon  react  with  either  bases  or  acids.  They  do  not  dis- 
aolve  in  ordinary  solvents,  although  melted  iron  does  dissolve 
carbon  to  a  certain  extent.  At  ordinary  temperatures  aM 
forma  qf  cai^xm  are  very  inert ;  but  at  higji  temperatures  they  all 


Fig.  148.    DUEiam  ol 


I  plint  foi  making  coal  gaa  and  lis  b]>-pradiicta. 


bum,  forming  carbon  dioxide,  or,  in  a  limited  supply  of  oxygen, 
carbon  monoxide.  At  high  temperatures  carbon  acts  as  a  re- 
ducing agent  and  thus  removes  oxygen  from  the  oxides  of 
many  metals.  This  is  essentially  the  process  of  producing 
metals  from  their  ores. 

260.  Coal  as  a  fuel.  Carbon  in  the  foim  of  coal  is  the 
source  of  nearly  all  the  energy  which  is  used  to  run  our  factories 
and  to  keep  us  warm  in  winter.  But  carbon  alone  is  not 
sufficient ;  we  must  bum  it,  and  in  order  to  bum  it  we  must 
have  oxygen.  Thus  both  carbon  and  oxygen  are  necessary 
for  the  production  of  the  energy  which  is  set  free  when  they 
combine.  When  we  buy  a  ton  of  coal  we  are  not  especially 
interested  in  the  gases  which  go  up  the  chinmey  or  in  the  ashes 
left  behind,  but  we  are  interested  in  the  energy  produced. 
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Heat  JB  the  form  of  energy  with  \^ich  we  are  most  familiar. 

We  must  recall  that  heat,  light,  and  electricity,  are  all  forms 

of  energy.     The  energy  of  anythii^  is  its  capacity  for  doing 

work.     Energy,  like  matter,   may   be  transformed,  but  it  eon 

never  be  created  or  destroyed. 

This  has  been  called  the  Law 

OF  Conservation  of  Ensrqt. 

Since  energy  haa  no  weight,  it 

must    be  measured   by  some 

effect  which  it  produces. 

261.  How  we  measure  heat. 
Experiments  show  that  if  one 
pound  of  hard  coal  could  be 
completely  burned,  and  if  all 
the  heat  generated  in  this  pro- 
cess could  be  used  to  heat 
water,  the  temperature  of  one 
ton  of  water  would  be  raised 
about  7'  F.  Engineers  reckon 
the  heat  value  of  fuel  in  unit8, 
each  of  which  is  equal  to  the 
heat  required  to  raise  the  tem- 
perature of  one  pound  of  water 
one  degree  Fahrenheit.  This 
heat  unit  is  called  the  BritislL 
thermal  unit  and  is  written 
B.t.u.  For  example,  the  heat 
value  of  a  pound  of  coal  varies 
from  11,000  to  16,000  B.t.u. 
The  heat  unit  used  in  Europe  and  in  all  physical  and  chemical 
laboratories  is  a  metric  unit  called  the  calorie.  A  calorie  is  the 
heat  required  to  raise  the  temperature  of  one  gram  of  water  one 
degree  centigrade. 

252.   Calorimeter.     The  instrument  which  is  used  to  deter- 
mine the  heat  value  of  a  fuel  is  called  a  calorimeter  (Fig.  149). 
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The  apparatuB  consists  of  a  Btrong  steel  oup,  or  bomb,  with  a  tightly 
fitting  screw  cap.  A  sample  of  coal  (about  1  g.)  is  weighed  and  placed 
in  the  little  tray  inside  the  steel  cup,  and  a  piece  of  platinum  wire  is 
oonneoted  to  the  electrodes  of  the  bomb  and  allowed  to  dip  into  the 
ooal.  Then  the  cap  is  screwed  into  place,  and  oxygen  is  forced  in 
under  considerable  pressure.  The  oup  is  now  placed  in  a  can  of  water 
whieh  is  surrounded  by  air  space  and  more  water,  and  the  outside 
oontainer  is  covered  with  felt.  The  apparatus  is  provided  with  a 
thermometer  reading  to  0.001°  C.  and  has  a  mechanical  stirrer.  The 
ooal  is  fired  by  sending  an 
electric  current  throi^h  the 
platinum  wire.  The  rise  of 
temperature  is  noted.  From 
the  we^ht  of  the  water  and 
its  rise  in  temperature  (after 
making  several  corrections), 
the  heat  value  of  the  coal  can 
be  computed. 

Another  type  of  fuel  calo- 
riniet«r,  known  as  Parr's  Per- 
oxide Bomb,  does  not  use 
oxygen  gas  as  just  described. 
Sodium  peroxide  is  mixed 
with  the  fuel  sample  and  ig- 
nited in  the  bomb.  This  ap- 
paratus is  less  expensive  and 
sufBciently  accurate  tor  ap- 
proximate determinations. 

263.  Fuels  and  smoke. 
Coal,  coke,  wood,  and 
charcoal  are  common  forms  of  solid  fuel.  When  heated  suffi- 
ciently these  substances  bum,  producing  carbon  monoxide  and 
carbon  dioxide.  This  chemical  reaction  is  called  exothermic 
because  heat  is  liberated.  When  12  grams  of  carbon  (its  atomic 
weight)  are  burned  to  carbon  dioxide,  the  amount  of  heat 
generated  is  96,480  calories.  Since  this  heat  is  an  important 
result  of  the  reaction  we  may  express  it  as  follows : 

C  -h  0,  — *-  CO,  +  96,480  cal. 
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In  large  furnaces  much  carbon  monoxide  and  iinconsiimp,d 
coal  in  the  form  of  fine  particles  may  escape  if  insufficient  air 
is  supplied  or  if  the  furnace  is  not  properly  constructed.  This 
unconsumed  coal  is  responsible  for  the  smoke  which  has  be- 
come such  a  serious  public  nuisance  in  many  of  our  cities  iidiere 
lai^  quantities  of  soft  coal  are  burned.  The  smoke  involves 
in  addition  an  enormous 
waste  of  fuel.  By  properly 
designing  the  fire  box  of  the 
furnace  (Fig.  150)  and  by 
regulating  the  supply  of  fuel 
and  air,  complet*  combustion 
will  ensue,  and  no  smoke  will 
be  formed.  This  is  econom- 
ical from  the  point  of  view 
of  the  factory,  and  is  very 
desirable  for  those  who  in- 
habit the  surrounding  coun- 
try. 

254.  Petroleum.  Petro- 
leum is  a  very  complex 
mixture  of  a  number  of 
compounds  of  carbon  and 
hydrogen  caUed  hydrocar- 
bons. It  occurs  in  large  quantities  imdemeath  the  surface 
of  the  earth  in  many  parts  of  the  United  States  and  in  some 
other  countries.  The  crude  oil  is  pumped  from  wells  (Fig.  151). 
Some  of  it  is  used  directly  as  a  fuel  and  is  called  crude  burning 
oil.  The  greater  portion  is  sent  throu^  loi^  pipe  fines  (Fig. 
162)  to  the  seaboard,  where  it  is  refined.  This  process  of  re- 
fining consists  in  distilling  the  substance  and  then  removing 
^rtain  ill-smelling  and  tarry  materials. 

The  distillation  is  carried  out  so  that  ditferent  portions  which  boil 
tt  different  temperatures  are  collected  separately.  The  low-boiling 
tnotioD  (between  70°  and  150°  C- )  is  called  gasolene  and  is  used  SKbeOr 
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sively  Tor  automobiles  twd  gas  engines.     The  next  portion  (boiling 
between  150°  and  300°  C.)  is  called  kerosene  and  is  used  as  a  burning 
oil.     It  will  not  take  flre  direotly,  but  if  allowed  to  moisten  a  wick  in  a 
suitable  lamp  will  bum  with  a 
pleasant,  luminous  flame. 

Certain  kinds  of  crude 
petroleum  yield  on  distilla- 
tion high-boiling  oils  (lubri- 
cating oils)  and  a  solid  wax- 
like material,  paraffin.  Such 
oils  are  said  to  have  a 
"  paraffin  base."  Other 
varieties  of  petroleum  do 
not  give  lubricating  oils  and 
paraffin  but  a  thick,  black 
pitch,    which    is    used     in 

roofing  and  paving  (Fig.  153) ;  such  oils  are  called  "asphaltic." 
Pennsylvania  petroleum  has  a  paraffin  base,  Mexican  and  Cali- 
fomian  oils  are  for  the  most  part  asphaltic.  "  Liquid  petro- 
latum," or  "Russian  oil,"  is  the  high-boiling  distillate  from 
still  another  variety  of  oils  known  as  the  "  naphthene  base  " 
_  oils.     Russian  oil  is  widely 

used  as  a  laxative  in  medi- 


Of  all  the  products  obtained 
from  petroleum  gasolene  is  at 
present  the  most  va.Iuable.    To 
increase  the  available  supply 
some    of     the    higher-boiling 
liquids  have  been  deoomposed 
into  simpler  molecules,  whiob 
oonstitute     the     lower-boiling 
liquids.     This    process,  which 
is  called  "  clacking  of  oils,"  consists  in  vaporizing  the  oils  and  then 
heating  the  vapor  (about  500°  C.)  under  pressure  (about  12  atmos- 
pheres) in  an  iron  apparatus. 
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Oils  derived  from  petroleum  are  used  very  extensively  as 
fuel.  When  they  bum,  carbon  dioxide  and  water  are  produced. 
They  are  to  a  small  extent  burned  with  the  aid  of  a  wick,  as  in 
the  case  of  kerosene.  For  the  most  part  they  are  blown  out 
from  a  nozzle  in  the  form  of  a  fine  spray  mixed  with  air  or 
steam.  This  spray  is  ig- 
"^^P  sn,ot,.tact~J  K         Dited  and  gives  a  very 

^ — <'•''"  ^  long,   hot  flame.     Loco- 

motives and  steamships 
are  sometimes  fired  with 
crude  oil.  Oil  is  also 
used  as  a  fuel  in  a  num- 
ber    of     manufacturing 


M.    Diacram  of  ■  water-gis  plant. 


fuels. 
In  certain  parts  of  the 
United  States  a  mixture 
of  gases  issues  from  the 
ground  which  is  called 
natural  gas.  The  chief 
constituent  of  this  gas  is 
methane  {CH^).  Natural  gas  bums  with  a  luminous  flame;  it 
is  used  for  lighting  and  heating  purposes  in  many  of  our  cities, 
and  as  fuel  in  many  industries.  The  gas  obtained  in  the  de- 
stmctive  distillation  of  coal  is  called  coal  gas.  It  also  contains 
methane  and  in  addition  hydrogen,  carbon  monoxide,  and  some 
complex  compomids  of  carbon.  As  it  bums  with  a  luminous 
Same  it  is  used  for  lighting  purposes  in  many  cities.  Water 
gas  is  a  mixture  of  hydrogen  and  carbon  monoxide  produced  by 
passii^  steam  over  red-hot  coal.     The  reaction  is : 

HjO  +  C  — *-  CO  +  Hj  —  26,990  cal. 

It  will  be  noticed  that  in  this  reaction  heat  is  absorbed; 
that  is,  heat  must  be  supplied  to  keep  it  going.  Such  a  reaction 
ia  called  endotbermic. 
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The  process  of  making  water  gas  (Fig.  154)  is  earned  out  by  altera 
nately  allowing  a  mass  of  coal  to  burn  in  air  until  it  becomes  red-hot, 
and  then  shutting  off  the  air  and  blowing  in  steam ;  the  water  gas  which 
is  formed  in  the  second  part  of  the  process  is  collected.  When  the 
temperature  has  fallen  too  low  the  steam  is  shut  off  and  air  again  ad- 
mitted. Since  hydrogen  and  carbon  monoxide  both  bum  with  nonlu- 
minous  flames  water  gas  must  be  treated  before  it  can  be  used  for 
lighting  purposes.  This  is  done  by 
adding  certain  volatile  petroleum 
oils.  The  process  is  called  en- 
riching. 

There  is  another  gas  which  is 
used  in  many  metallurgical  opera- 
tions and  as  a  fuel  for  gas  engines ; 
this  is  called  producer  gas.  It  is 
made  by  forcing  air  through  a  very 
deep  coal  fire  in  the  generator 
(Fig.  155).  The  resulting  gas  mix- 
ture contains  all  the  nitrogen  of 
the  air,  but  all  of  the  oxygen  has 
combined  with  carbon  to  form  car- 
bon monoxide.  Often  a  little  steam 
is  introduced  with  the  air  and  is 
reduced  as  in  the  making  of  water 
gas.  If  made  in  this  way  producer 
gas  is  composed  mainly  of  nitrogen,  pig.  155.  Diagram  of  a  producer-gas 
carbon  monoxide,  and  hydrogen.  plant. 

In  the  accompanying  table  the  approximate  composition  of 
these  various  fuel  gases  is  expressed  in  percentage  by  volume. 


Names  of  Gases 

Formulas 

Penna. 

Natural 

Gas 

Coal  Gas 

Enriched 

Water 

Gas 

Producer 
Gas 

Hydrogen  .... 
Methane     .... 
Other  hydrocarbons 
Carbon  monoxide     . 
Carbon  dioxide    .     . 
Nitrogen     .... 

ti2 
CH4 

CO 
CO, 

N, 

82 

17 
1 

46 
34 
4 
8 
3 
5 

32 
20 
17 
26 
3 
2 

12 
3 

21 

7 
57 

100 

100 

100 

100 

2se 


CARBON,   HEAT,  AND  FUELS 


■  256.  The  hydrocarbons.  The  natural  oil,  pretroleum,  is 
a  mixture  of  hydrocarbons.  There  are  several  hundred  of 
these  compounds  of  carbon  and  hydrogen  known,  and  they 
may  be  grouped  into  series  according  to  their  composition. 
One  group  is  called  the  paraffin  series,  of  which  only  the  first 
six  are  given  in  the  following  table : 


Htdrocarbonb  of  the  Paraffin  Series 


Nahd 

Fo™^ 

"s-,Vor" 

^^° 

M«hane 

CH. 

16 

-160°C 

Ethane 

C,H. 

30 

-93  " 

Propane  

C.H, 

44 

-45  " 

Butane 

CMw 

58 

Pentane    

C.H„ 

72 

36  = 

Hexaae 

C,H„ 

86 

71  " 

It  will  be  noticed  that  the  seriea  starts  with  methane,  the 

principal  component  in  natural  gas,  and  that  the  difference 

between  each  two  successive  members  in 

I  the  Ust  is  CHi.     It  will  also  be  noticed 

that  the  number  of  hydrogen  atoms  ia 

twice  the  number  of  carbon  atoms  plus 

two.    This  fact  can  be  expressed  in  the 

general  formula  CJitnt-i-    The  members  of 

this  series  have  higher  boiling  points  as  the 

I  molecules  become  lai^r ;  so  that  the  first 

four  are  gases,  the  next  ten  are  liquids 

under  ordinary  conditions,  and  above  that 

they  are  solids.     Members  of  this  series 

E*»-jei  flame.         have  been  studied  at  least  as  far  as  hexa- 

contane  (CmHjjs). 

But  even  this  long  succession  of  compounds  does  not  include 

all  the  hydrocarbons.     Ordinary  coal  gas  owes  its  luminosity 

to  ethylene  (C2H4),  which  is  the  first  member  of  anotbra  series 
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Oxidiking 


OtUBt 


Redueino 


with  the  general  fonnula  CnH2n.  There  is  yet  another  group 
which  begins  with  acetylene  (C2H2)  and  has  the  general  formula 
CnHan-a-  All  these  hydrocarbons  are  rnutually  soluble  so  that 
mixtures  can  be  made  in  any  proportion. 

267.  Gas  burners  and  flames.  When  gas 
burns  in  the  ordinary  fishtail  burner,  it  is 
spread  out  in  a  thin  sheet  by  the  tip  so  that 
suJBSicient  air  is  brought  into  contact  with  the 
gas  to  bum  all  of  the  carbon.  In  the  flame 
itself  some  of  the  complex  carbon  compounds 
are  broken  down  into  free  carbon  by  the  high 
temperature.  This  free  carbon  is  heated 
white-hot  by  the  combustion  which  is  going 
on,  and  it  is  these  particles  of  incandescent 
carbon  which  give  the  flame  its  illuminating 
power.  Water  gas  contains  no  such  carbon 
compounds  and  must  therefore  be  enriched. 
Figure  156  shows  the  structure  of  this  type 
of  flame.    It  will  be  noticed  that  there  are    ^«-  '»57.    Bunsen 

burner  and  namd. 

several  distinct  zones.    The  luminous  zone  is 

full  of  particles  of  white-hot  carbon,  which  on  passing  to  the 

outer  zone  are  completely  consimied,  forming  carbon  dioxide ; 

the  heat  given  off  in  this  combustion  keeps  the  flame  at  the 

necessary  temperature. 
In  a  Bunsen  burner  (Fig.  157)  we  admit  air  into  the  interior 

of  the  flame.     This  cools  down  the  flame  so  much  that  the 

temperature  is  not 
high  enough  to  de- 
compose the  com- 
plex carbon  com- 
pounds into  free 
carbon ;     the    flame 

is  therefore  nonlupainous.    The  burners  on  a  gas  range  (Fig. 

158)  are  modified  Bunsen  burners,  so  arranged  as  to  give  a  large 

r.imiber  of  small  blue  flames. 


Fig.  158.    Burner  used  on  a  gas  range. 
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In  a  Welsbach  lamp  we  have  a  mantle  which  is  made  in- 
candescent by  the  heat  of  a  Bmisen  flame  (Fig.  159).     When 

such  mantles  are  used  it  is  not  necessary 
to  enrich  the  gas  with  iUuminants.  The 
Welsbach  mantles  are  composed  of  the 
oxides  of  two  rare  elements,  thorium  and 
cerimn.  By  their  use  with  the  same 
amount  of  gas  the  consmner  gets  four 
times  as  much  light  as  with  an  ordinary 
burner. 

258.  Uses  of  acetylene.  Acetylene 
(C2H2)  is  a  gas  which  is  produced  by  the 
action  of  water  on  calcimn  carbide : 

CaC2  +  2  H2O  —>-  Ca(0H)2  +  C2H2 
It  can  either  be  generated  as  required,  or 
can  be  conveniently  dissolved  in  a  liquid 
known  as  acetone  in  a  tank  under  pres- 
sure. Acetylene  will  bum  with  a  very 
limiinous  flame  in  an  especially  con- 
structed burner  (Fig.  160)  which  admits  air. 
It  is  used  to  a  limited  extent  for  illuminating 
purposes.  If  oxygen  is  blown  through  such 
a  flame  complete  combustion  of  the  acety- 
lene takes  place  and  we  obtain  a  very  hot 
nonluminous  flame.  This  flame  is  one  of  the 
hottest  known  and  is  used  extensively  be- 
cause it  will  easily  melt  iron  and  other  metals. 
Acetylene  is  an  endo thermic  compound,  and 
when  it  decomposes  heat  is  generated,  as 
shown  in  the  following  equation : 

C2H2  — ^  2  C  +  H2  +  49,300  cal. 

In  the  acetylene  flame  the  heat  of  combustion  of  the  carbon 
and  hydrogen  is  added  to  this  heat  of  decomposition : 

2  C2H2  +  5  O2  — ^  4  CO2  +  2  H2O  -h  603,000  cal. 


Fig.  159.   Welsbach  man- 
tle and  Bunsen  burner. 


Fig.  160.  Acetylene- 
burner  tip. 
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Vfith  the  right  mixture  of  oxygen  and  acetylene  it  is  possible 
to  get  a  temperature  of  about  2700°  C.  The  oxyacetylene 
torch,  which  is  very  much  like  the  oxyhydrogen  blowpipe,  cuts 
steel  by  meltii^  it  (Fig.  161).  The  tip  of  the  flaine  when 
drawn  slowly  over  the  metal  melts  it  at  the  point  of  contact 


Fig.  i6i.    Cutting  ateel  with  an  vxjace^lena  torch. 

and  so  cuts  the  metal  into  pieces.    It  is  especially  useful  in 
dismantling  steel  structures. 

Pieces  of  iron  and  other  metals  may  be  joined  together  by 
heating  them  until  they. melt  and  then  allowing  the  molten 
metal  to  fuse  together.  This  process  is  called  oxyacetylene 
welding,  and.  is  of  great  importance  in  the  industries.  Its  most 
general  application  is  in  welding  thin  metal,  such  as  the  parts 
of  steel  raUway  ears,  repairs  on  railway  rollii^  stock,  and  the 
cutting  up  of  large  masses  of  steel,  as  the  wrecked  frames  of 
buildings,  bridges,  and  the  like.  Strength  tests  on  welds  show 
that  a  weld  is  about  85  per  cent  as  strong  as  the  same  thickness 
of  plate. 
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SUMMARY   OF   CHAPTER   XXH 

CARBON  FORMS  AN  ENORMOUS  NUMBER  OF  COM- 
POUNDS, especially  with  hydrogen,  oxygen,  and  nitrogen. 

THE  THREE  ALLOTROPIC  FORMS  of  carbon  are  diamond, 
graphite,  and  amorphous  carbon.  They  have  different  physical 
properties,  but  all  yield  carbon  dioxide  when  burned  in  sufficient 
oxygen. 

CARBON  IS  INERT  at  ordinary  temperatures  but  bums. at 
high  temperatures.  It  is  a  reducing  agent.  It  reacts  with  lime 
to  form  calcium  carbide  when  heated  in  an  electric  furnace. 

USES  OF  CARBON  in  different  forms  are  — 

Diamond:  gem  and  abrasive; 

Graphite :  lead  pencils,  lubricant,  crucibles,  and  electrodes ; 

Coal :  fuel  and  in  manufacture  of  illuminating  gas  and  coke ; 

Coke :  ore  reducer,  fuel,  and  in  making  water  gas ; 

Lampblack:   printer's  ink  and  paint; 

Boneblack:    decolorizing  sugar  and  oils. 

MOST  IMPORTANT  FU^L  IS  COAL.  Heat  is  measured  in 
calories.  A  calorie  is  the  heat  required  to  raise  one  gram  of  water 
one  degree  centigrade.  Engineers'  heat  unit  is  B.  t.  u.  (British 
thermal  unit). 

CHEMICAL  REACTIONS  which  give  out  heat  are  called 
exothermic;  a  few  reactions  absorb  heat  and  are  called  endo ther- 
mic. 

FUELS  are  substances  which  btim  in  air.  The  reaction  is 
strongly  exothermic ;  we  carry  out  this  reaction  because  we  want 
the  heat  evolved. 

SOLED  FUELS  are  coal,  coke,  wood,  and  charcoal. 

PETROLEUM  is  a  mixture  of  hydrocarbons.  Gasolene,  kero- 
seney  and  crude  fuel  oil  are  obtained  from  petroleuni. 

FUEL  GASES  include  natural  gas,  coal  gas,  water  gas,  and 
producer  gas.  Fuel  gases  which  contain  hydrocarbons  bum  with 
a  luminous  flame  because  carbon  is  set  free. 

ACETYLENE  is  produced  from  calcium  carbide.  The  oxy- 
acetylene  flame  is  extremely  hot  and  is  used  for  cutting  and  weld- 
Ing  metals. 
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Questions  and  Problems 

1.  What  is  the  easiest  way  to  show  the  presenoe  of  carbon  in  a 
compound  ? 

2.  What  is  the  most  useful  form  of  carbon?    Explain.    What  is 
the  most  expensive  form?     Why? 

3.  What  are  the  by-products  in  the  coal-gas  industry? 

4.  How  do  we  measure  the  fuel  value  of  coal  ? 

5.  What  are  characteristics  of  a  good  fuel  ? 

6.  Why  is  crude  oil  such  an  excellent  fuel  for  locomotives  and 
steamships  ? 

7.  How  would  you  prove  that  carbon  dioxide  and  water  are  formed 
when  kerosene  burns? 

8.  Why  is  it   desirable  to  remove  the  sulfur  comx)oimds  from 
illuminating  gas? 

9.  Why  is  producer  gas  not  used  for  illuminating  purposes? 

10.  Which  fuel  gas  is  richest  in  hydrogen?  in  methane?  in  carbon 
monoxide?     (Examine  table.) 

11.  Why  is  not  the  flame  used  in  a  gas  range  smoky? 

12.  Why  are  Welsbach  mantles  not  more  generally  used? 

13.  For  what  especial  purposes  is  the  acetylene  lamp  adapted? 

14.  How  many  tons  of  oxygen  are  required  to  burn  completely  one 
ton  of  coal  which  is  90%  carbon? 

15.  How  many  tons  of  carbon  dioxide  are  produced  in  Problem  14  ? 

16.  How  many  grams  of  carbon  wiU  be  required  to  reduce  10  g.  of 
copper  oxide  to  metallic  copper? 

17.  Write  the  equation  for  the  complete  combustion  of  acetylene. 

18.  How  many  liters  of  air  are  required  to  bum  1  liter  of  acetylene? 

Topics  for  Further  Study 

Fuels.  If  possible,  see  in  operation  furnaces  or  stoves  burning  gas, 
oil,  and  coal  mechanically  stoked.  What  are  some  of  the  relative 
merits  of  each  fuel?  In  certain  parts  of  the  country  only  anthracite 
coal  is  used  in  the  homes;  why?  The  iron  blast  furnace  requires 
anthracite  coal  or  coke  as  a  fuel ;  the  glass  industry  requires  gas  or  oil. 
Explain.  {Creasy' a  Discoveries  and  Inventions,  Bird's  Modern  Sciencft 
Reader,  and  Findlay's  Chemistry  in  the  ^TVioe  ol  ^"as:^Ksai^>i 
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THE  SIMPLER  COMPOUNDS  OF  CARBON 

Organic  compounds  —  alcohol,  preparation  and  properties 
— alcoholic  liquors — industrial  alcohol — empirical  and  struc- 
tural formulas —  other  alcohols — ether — carbon  tetrachloride 
and  chloroform  —  aldehydes — acids  —  esters  —  fats  —  soap — 
other  hydrocarbons  —  coal-tar  products  and  dyes. 

269.   Organic  and  inorganic  compounds.    The  most  striking 
characteristic  of  carbon  is  its  ability  to  form  almost  number- 


Fig.  162.    Teast  cells  as  seen  under  a  microscope. 

less  compounds  in  which  a  whole  series  of  carbon  atoms  are 
linked  to  one  another.  These  are  called  organic  compounds ; 
compounds  of  all  the  other  elements  are  called  inorganic  com- 
pounds. We  can  define  organic  chemistry  as  that  branch  of  chem- 
istry which  deals  with  the  compounds  of  carbon.  The  elements 
which  often  appear  with  carbon  are  hydrogen,  oxygen,  nitro- 
gen, the  halogens,  and  sulfur ;  a  few  other  elements  sometimes 
are  constituents  of  organic  compounds,  but  they  are  of  minor 
jmportance.     There  are   over   100^000   known  organic   com- 
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pounds ;  in  this  chapter  we  shall  consider  some  of  the  simpler 
and  more  important  of  these. 

260.  Ordinary  alcohol  (C2H6OH).  This  compound  is  the 
product  obtained  from  the  fermentation  of  sugars,  a  chemical 
process  brought  about  by  the  presence  of  small  Uving  plants, 
of  which  yeast  (Fig.  162)  is  a  common  example.  The  other 
product  of  the  fermentation  is  carbon  dioxide  : 


CeHuOe 

sugar 


2  CjHsOH  +  2  CO,  t 


alcohol 


carbon 
dioxide 


1[ "  if 


Alcohol  may  be  prepared  in  the  laboratory  by  making  a  10  per  cent 
solution  of  sugar  or  molasses  in  water,  pouring  it  into  the  flask  shown 

in   figure  163,  and   then  ^ ^ 

adding  a  little  yeast  which 
has  already  been  dis- 
solved. If  this  is  kept 
for  a  day  at  about  30°  C. 
the  bubbles  of  carbon  di- 
oxide will  rise  to  the  sur- 
face and  can  be  led  off 
through  limewater,  as 
shown  in  the  figure.  To 
prevent  the  carbon  diox- 
ide of  the  air  from  affect- 


NaOH 


■Ca(0H)2 


ing  the  limewater,  we  may  pjg^  ,^3^  Preparation  of  alcohol  in  the  Uboratory. 

attach  a  tube  of  sodium 

hydroxide  sticks.     The  alcohol  is  separated  from  the  solution  by  distil- 

iation. 

When  a  mixture  of  alcohol  and  water  is  distilled,  the  liquid 
begins  to  boil  at  about  78°  C,  which  is  the  boiling  point  of  pure 
alcohol.  As  the  process  continues  the  boiling  point  rises  imtil 
it  reaches  100°  C,  the  boiling  point  of  water.  If  the  distillate 
(what  is  distilled  over)  is  separated  into  fractions  according  to 
the  temperature,  the  first  fraction  collected  contains  a  large 
percentage  of  alcohol,  while  the  fractions  collected  during  the 
latter  part  of  the  process  will  be  mainly  water.  On  a  large 
scale  the  distillation  is  carried  out  in  an  apparatus  bavins^  la. 
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tall  fractionating  column  (Fig.  164)  and  partial  condenser.  '  The 
water  vapor  is  condensed  in  the  fractionating  column  and  par- 
tial condenser  and  returns  to  the  still ;  the  more  volatile  alcohol 
passes  on  until  it  reaches  the  total  condenser.     The  distillate 


is  95  per  cent  alcohol,  and  the  liquid  returning  to  the  still  is 
largely  wat«r.  This  process  is  called  fractional  distillation  and 
is  very  similar  to  that  used  in  the  distillation  of  petroleum. 

261.  Properties  and  uses  of  alcohol.  Pure  alcohol  is  a  color- 
less liquid  boiling  at  78°  C ;  it  is  inflammable  and  is  used  to 
some  extent  as  a  fuel.  It  is  an  excellent  solvent,  dissolving 
many  substances  which  are  only  slightly  soluble  in  water.     It 
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is  the  solvent  used  in  making  varnishes  for  wood  and  lacquers 
for  metal,  as  well  as  in  the  manufacture  of  celluloid,  collodion, 
and  artificial  silk.  It  mixes  with  water  in  all  proportions  but 
is  not  ionized  in  aqueous  solution ;  it  does  not  interact  with 
dilute  acids,  bases,  or  salts. 

Commercially  alcohol  is  made  from  the  starch  of  potatoes 
or  grains,  such  as  com.  It  is  commonly  known  simply  as 
alcohol,  but  the  chemist  calls  it  ethyl  alcohol  to  distinguish  it 
from  other  alcohols,  such  as  methyl,  or  wood  alcohol. 

262.  Alcoholic  Liquors.  Alcoholic  beverages  are  prepared  by  al- 
lowing different  substances  to  ferment.  Wine  contains  from  8  to  15 
per  cent  of  alcohol  and  is  formed  by  the  fermentation  of  grape  juice. 
Beer  contains  only  about  5  per  cent  of  alcohol  and  is  prepared  by 
allowing  a  mixture  of  grains  and  water  to  ferment  under  special  con- 
ditions. Distilled  liquors  are  made  by  the  fractional  distillation  of 
fermented  Hquors  like  wine  or  beer.  Brandy  is  distilled  wine ;  whisky 
and  gin  are  essentially  distilled  beers ;  they  all  contain  from  about  40 
to  50  per  cent  of  alcohol.  Since  January  16,  1920  the  use  of  alcoholic 
beverages  has  been  prohibited  in  the  United  States,  and  pure  alcohol 
can  be  purchased  only  for  certain  special  purposes  under  strict  regu- 
lations. 

263.  Industrial  alcohol.  The  price  of  ordinary  alcohol  is 
about  $7.20  per  gallon,  of  which  $6.60  is  the  tax  imposed  by 
the  government.  Since  the  high  price  prevented  the  extensive 
industrial  use  of  alcohol,  Congress  in  1907  passed  an  act  ena- 
bling dealers  to  sell  alcohol  which  contained  certain  poisonous 
substa^nces  without  the  tax.  These  poisonous  substances,  which 
make  impossible  the  use  of  this  alcohol  as  a  beverage,  are  or- 
dinarily wood  alcohol  and  benzene  (CeH^).  The  mixture  is 
called  denatured  alcohol ;  it  is  suitable  for  varnish  making  and 
other  industrial  operations. 

264.  Formula  of  ethyl  alcohol.  The  formula  of  ethyl  alcohol 
might  be  written  C2H«0,  which  tells  us  that  there  are  2  carbon 
atoms,  6  hydrogen  atoms,  and  1  oxygen  atom.  This  is  called 
an  empirical  formula  and  states  the  iac\i^  AsnN^di  Vt<^\si^^\ist- 
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centage  composition  and  molecular  weight  of  the  substance. 
It  would  be  sufficient  for  most  of  the  inorganic  compoimds 
which  we  have  thus  far  studied.  But  it  is  inadequate  in  organic 
chemistry,  for  it  often  happens  that  there  are  several  compounds 
which  have  the  same  empirical  formula.  For  example,  there  is  an- 
other substance,  called  methyl  ether,  which  also  has  the  formula 
C2H6O  but  which  is  a  gas  having  totally  different  properties 
from  ethyl  alcohol.  The  difference  between  these  two  sub- 
stances must  lie  in  the  way  their  atoms  are  joined  together. 
We  are  thus  led  to  inquire  how  the  atoms  are  linked  and  to  show 
this  linkage  in  our  formulas.  Accordingly  we  write  them 
graphically  as  follows : 

H    H  H  H 

II  II 

H— C— C— OH  H— G— O— C— H 


H    H  H  H 

ethyl  alcohol  methyl  ether 

Since  these  formulas  show  how  every  atom  in  the  molecule  is 
joined  to  every  other  one,  they  are  called  structural  formulas. 
We  usually  condense  such  a  formula  as  that  of  alcohol  and 
write  it  CzHgOH. 

We  cannot  here  consider  how  these  structural  formulas  are 
derived ;  it  is  enough  to  say  that  they  rest  on  a  mass  of  ex- 
perimental evidence.  They  tell  the  trained  chemist  how  a 
given  substance  will  probably  react,  because  he  knows  that 
certain  linkages  represent  certain  reactions.  It  has  been  found 
that  in  organic  compounds  carbon  always  has  the  valence  4, 
and  this  point  is  useful  in  remembering  and  writing  structural 
formulas.  Although  a  formula  means  very  little  in  organic 
chemistry  unless  it  is  of  the  structural  type,  nevertheless  we 
shall  sometimes  use  the  empirical  formula  when  the  structural 
formula  is  very  complicated. 

265.  Other  alcohols.  Another  well-known  substance  is 
wood  alcohol^-or  methyl  alcohol,  which  has  the  formula  CHaOH. 
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It  is  prepared,  as  we  have  seen,  in  the  destructive  distillation 
of  wood.  It  resembles  ethyl  alcohol  in  many  of  its  properties 
and  is  used  as  a  solvent  and  as  an  agent  for  denaturing  ethyl 
alcohol  since  it  is  very  poisonous. 

There  are  besides  these  two  a  great  many  other  substances  called 
alcohols.  They  all  react  in  such  a  way  that  we  represent  them  by  a 
formula  in  which  a  hydroxyl  group  (OH)  is  attached  to  a  carbon  atom. 
The  following  table  shows  the  names  and  formulas  of  a  number  of 
alcohols  and  of  the  corresponding  hydrocarbons  of  the  methane 
series: 

CH4(methane)    .     .     .     .     .     CHsOH  (methyl  alcohol) 

C2H«  (ethane) C2H4OH  (ethyl  alcohol) 

CsHg  (propane)  .     .     .     .     .    CsHtOH  (propyl  alcohol) 

We  may  regard  an  alcohol  as  Joeing,  derived  from  the  hydrocarbons  by 
substituting  for  one  or  more  hydrogen  atoms  a  corresponding  number 
of  hydroxyl  groups.  It  should  be  noted  that  this  is  a  method  of 
showing  relationship  on  paper  and  does  not  represent  a  reaction  which 
we  carry  out  in  the  laboratory.  Accordingly,  in  the  series  it  will  be 
noticed  that  each  alcohol  differs  from  the  one  above  in  that  it  contains 
one  more  atom  of  carbon  and  two  more  atoms  of  hydrogen  (CH2). 
Such  a  series  of  organic  compounds  which  differ  from  one  another  by 
a  constant  number  of  carbon  and  hydrogen  atoms  is  called  an  homolo- 
gous series.  All  members  of  such  a  series  have  very  much  the  same 
chemical  properties,  but  their  physical  properties  gradually  differ 
as  we  go  up  the  series.  There  are  a  great  number  of  homologous 
«eries  in  the  different  classes  of  organic  compoimds. 

266.  Ether.  When  alcohol  is  treated  with  sulfuric  acid 
under  certain  conditions,  ethyl  ether  and  water  are  formed. 
Ethyl  ether  has  the  structure  represented  by  the  formula 
(C2H5)20  and  may  be  regarded  as  ethyl  oxide.  The  equation 
for  its  formation  is 

2  C2H5OH  — >.  (C2H5)20  +  H2O 
ethyl  alcohol  ethyl  ether 

It  will  be  noticed  that  in  ether  we  have  two  groups  of  carbon 
and  hydrogen  atoms  (C2H6)  joined  together  by  an  oxygen  atom. 
This  is  a  characteristic  linkage  of  a  wVioVe  \\.oxctf:^Si^\i^  ^ktj^ 
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which  are  known  as  ethers.  The  lowest  member  of  this  series 
is  methyl  ether  (CHsOCHs),  of  which  we  have  already  spoken. 
By  comparing  its  formula  with  that  of  alcohol  we  can  see  that 
the  substances  are  entirely  different  although  they  contain 
the  same  nimiber  of  carbon,  hydrogen,  and  oxygen  atoms. 
Substances  which  have  the  same  empirical  fonntilas  but  differ- 
ent structural  formulas  are  called  isomers.  The  nimiber  of 
isomers  in  organic  chemistry  is  very  large,  and  it  is  because  of 
this  fact  that  only  structural  formulas  have  any  real  meaning 
in  that  subject. 

Ethyl  ether,  or,  as  it  is  usually  called,  simply  ether,  is  a 
colorless  liquid  boiling  at  35"^  C.  It  is  prepared  on  a  large 
scale  and  is  used  extensively  as  a  solvent  and  as  an  anaesthetic. 
It  produces  unconsciousness  when  inhaled  and  has  been  used 
for  a  number  of  years  in  surgical  operations. 

267.  Carbon  tetrachloride  and  chloroform.  Substances 
which  are  derived  from  hydrocarbons  by  the  exchange  of  one 
or  more  hydrogen  atoms  for  a  corresponding  nimiber  of  atoms 
of  some  other  element,  or  for  an  equivalent  nimiber  of  radicals, 
are  called  substitution  products.  Chlorine  forms  several  sub- 
stitution products  of  methane.  If  we  replace  all  four  hydrogen 
atoms  in  methane  with  chlorine,  we  obtain  a  compound  called 
carbon  tetrachloride  (CCI4).  As  a  matter  of  fact,  the  reaction 
between  chlorine  and  methane  is  very  hard  to  control,  and  pure 
methane  is  not  easy  to  obtain ;  therefore  carbon  tetrachloride 
is  actually  prepared  by  another  reaction.  Carbon  disulfide 
(CS2)  readily  reacts  with  chlorine,  forming  sulfur  chloride  and 
carbon  tetrachloride ;  the  two  liquids  can  be  separated  by 
distillation : 


CS2  +  3C12  — 

■^     S2d2 

+    CCI4 

carbon           chlorine 

sulfur 

carbon 

disulfide 

chloride 

tetrachloride 

Carbon  tetrachloride  is  a  heavy,  colorless  liquid  boiling  at 
79°  C.  and  has  an  odor  not  unlike  that  of  chloroform.  It 
readily  dififiolves  greases,  gums,  and  resins.    As  a  noncom- 
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bustible  solvent  it  finds  a  wide  use  in  technical  operations. 
When  mixed  with  gasolene  it  is  sold  as  a  cleansing  fluid  under 
various  trade  names,  such  as  ''Carbona."     It  is  the  main  part 
of  the  fluid  used  in  certain  small  fire  extinguishers 
(Fig.  165).    When  squirted  on  the  fire  it  forms  a 
very  heavy  vapor,  which  hangs  over  the  burning 
material,  excluding  the  air  and  thus  extinguishing 
the  flames.     It  is  particularly  valuable  in  putting 
out  burning  oil  since  such  fires  cannot  be  extin- 
guished by  water;  for  oil  simply  floats  on  the 
water  and  continues  to  bum. 

Carbon  tetrachloride  can  be  reduced  to  a  sub- 
stance called  chloroform  (CHCI3) : 


CCI4     +     2[H] 


carbon 
tetrachloride 


nascent 
hydrogen 


CHCI,     + 

chloroform 


HCI 

hydrogen 
chloride 


Fig.  165.  "Py- 

rene"  fire 
extinguisher. 


Chloroform  can  also  be  prepared  by  the  action  of  bleaching 
powder  on  ethyl  alcohol.  It  is  a  sweet-smelling,  volatile  Uquid, 
which  finds  certain  uses  as  a  solvent  and  as  an  ansesthetic.  It 
is  not  so  safe  an  anaesthetic  as  ether  and  is  employed  only  in 
special  cases. 

268.  Aldehydes.     Methyl  alcohol  can  be  oxidized  to  form 
a  substance  called  formaldehyde  (HCHO) : 


CHsOH  +  [0] 

methyl  alcohol 


HCHO  +  HjO 

formaldehyde 


If  we  write  out  this  formula  in  full  we  see  that  the  oxygen 
atom  has  two  bonds  linking  it  to  the  carbon  atom.    The  group 

H 


— C=0  is  the  characteristic  of  a  whole  class  of  compounds 
known  as  aldehydes. 

269.  Formaldehyde  is  a  gas  with  a  penetrating  odor,  which 
caiises  the  eyes  to  smart.  It  is  used  in  water  solution  as  a 
disinfectant  and  an  antiseptic.    The  40  per  cent  solxiUow  ^&  ^«Jd. 
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Fig.  i66.    Formaldehyde  candle. 


under  the  name  formalin.     A  solid  compound  called  para* 

formaldehyde,  when  heated, 
breaks  down  to  give  the  gas. 
This  substance  is  often  sold  as  a 
candle  (Fig.  166),  which  can  be 
lighted  in  a  room  for  disinfection. 
270.  Acids.  Formaldehyde  can 
be  further  oxidized  to  a  liquid 
called  formic  acid  (HCOOH).  The 
structural  formula  shows  a  doubly 
linked   oxygen    atom    connected 

with  the  carbon  atom,  and  also  a  hydroxyl  group ;  thus : 

f  ■ 

H— C— OH 

formic  acid 

This  combination  (COOH)  is  called  the  carboxyl  group  and  is 
characteristic  of  a  class  of  organic  substances  known  as  acids. 
They  are  obtained  by  oxidizing  the  corresponding  alcohols. 
There  are  a  number  of  series  of  acids ;  formic  acid  is  the  lowest 
member  of  a  series  called  the  fatty  acids,  the  lower  members 
of  which  are  liquids  and  the  higher  members  solids.  They  are 
all  monobasic  and  form  salts  on  neutralization.  Formic  acid 
is  a  fairly  strong  acid,  but  the  acids  become  progressively 
weaker  as  the  number  of  carbon  atoms  increase.  Two  of  the 
higher  acids  which  are  solids,  palmitic  (CisHaCOOH)  and 
stearic  (CitHssCOOH),  are  derived  from  fats,  hence  the  name 
of  the  series. 

Acetic  acid  (CHsCOOH)  is  the  most  important  lower  mem- 
ber of  this  series.  It  can  be  prepared  in  the  laboratory  by 
oxidizing  ethyl  alcohol,  but  it  is  actually  obtained  as  a  by- 
product in  the  distillation  of  wood.  Vinegar  is  essentially  a 
dilute  solution  of  acetic  acid  obtained  by  the  oxidation  of  dilute 
alcohol  by  bacteria.  Since  it  is  a  rather  weak  acid  it  is  used  in 
the  industries  when  a  weak  acid  is  desired. 
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Among  the  other  well-known  organic  acids  are  tartaric  acid,  which 
occurs  in  many  fruits  such  as  grapes,  and  citric  acid,  which  is  contained 
in  fruits  like  oranges  and  lemons.  The  ordinary  household  cream  of 
tartar,  a  white  solid  used  in  baking  powders,  is  the  acid  potassium  salt 
made  from  tartaric  acid.  Oxalic  acid  is  used  to  remove  iron  rust  and 
ink  from  white  cloth,  to  clean  certain  metals,  such  as  copper,  and  to 
bleach  straw  hats ;  it  is  poisonous. 

271.  Esters.  Alcohols  and  organic  acids  react  to  form  water 
and  a  substance  called  an  ester.  For  example,  ethyl  alcohol 
and  acetic  acid  form  an  ester  called  ethyl  acetate : 

CjHfiOH  +  CH3COOH  :^=^  CH3COOC2H6  +  HaO 

eth^  alcohol  acetic  add  ethyl  acetate 

The  reaction  is  reversible  and  usually  proceeds  to  a  point  where 
about  80  per  cent  of  the  material  is  converted  into  the  ester. 

Ethyl  acetate  has  a  pleasant,  fruity  odor.  Many  esters 
occur  naturally  in  fruits  and  flowers  and  are  frequently  the 
cause  of  their  taste  and  smell.  They  may  be  prepared  arti- 
ficially for  flavoring  beverages  and  foods  and  for  making  per- 
fumes. 

Esters  react  with  water,  as  indicated  in  the  reversible  reaction 
just  given.  This  process,  called  hydrolysis,  goes  on  very  slowly 
at  ordinary  temperatures.  They  are  also  decomposed  by  strong 
bases,  such  as  sodium  and  potassium  hydroxide,  with  the  pro- 
duction of  alcohols  and  salts  of -the  organic  acids ;  thus : 

CHaCOOCaHfi  +  NdOH  —^  CHsCOONa  +  CjHsOH 

ethyl  acetate  aodium  acetate  ethyl  alcohol 

This  process  is  called  saponification. 

272.  Fats.  The  most  important  esters  are  those  which 
occur  naturally  and  are  known  as  fats  and  oils.  The  solid 
animal  fats  are  esters  of  palmitic  and  stearic  acids  and  an 
alcohol  called  glycerin  (C3H5(OH)3),  which  contains  three 
hydroxyl  groups.  These  animal  fats  are  really  mixtures  of  the 
esters  just  described.  When  they  are  heated  with  water  in 
the  presence  of  certain  catalysts,  ttiey  \it^«i^  ^^^rsi  ^iisaiss^ 
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completely  into  free  glycerin  and  the  free  acid.  -The  glycerin 
is  used  for  a  number  of  purposes,  including  the  maniifacture 
of  dynamite.  The  solid,  fatty  acids  are  used  mainly  for  mak- 
ing candles  and  waxes. 


Fig.  167.    K«Kle  used  ii 
It  contains  enough  slock  to  make  10  or  12  cikrloada  of  soap. 

273.  Soap.  If  in  place  of  water  we  use  sodium  hydroxide 
we  obtain  glycerin  and  the  sodium  salt  of  the  acid,  which  is 
soap.     The  following  equation  represents  such  a  reaction : 

Fii.1  Ai:KAU  Soar  Gltobih 

(Ci,H„COO),CiH.  +  3  NaOH — >-3  CuH.COONo  +  CJ1,(0H), 

flyoery]  atAante  BodLum  atearate 

It  is  not  expected  that  the  above  equation  will  be  memorized, 
but  it  is  given  in  order  to  show  that  the  reaction  for  making 
soap  is  similar  to  that  for  making  sodium  acetate.  Hence  the 
appropriateness  of  the  name,  saponification.  The  sodiiun  salts 
are  only  moderately  soluble  in  water  and  can  be  separated  from 
the  reaction  mixture  by  the  addition  of  common  salt.  In 
makii^  soft  soap,  potassium  hydroxide  is  used  instead  of 
Bodium  hydnmde. 
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In  the  commercial  manufacture  of  soap  the  fat  and  the  alkali  are 
heated  together  in  huge  kettles  (Fig.  167)  for  several  days.  The  soap 
is  saUed  out  and  rises  to  the  top  of  the  liquid.  The  glycerin,  which  is 
the  othw  product  of  the  reaction,  is  separated  by  distillation  from 
the  liquid  containing  the  spent  lye.  A  great  variety  of  soaps  can  be 
manufactured,  according  to  the  nature  of  the  fat  which  is  used  and  the 
way  in  which  the  process  is  carried  out. 


274.  Cleansing  power  of  soap.  The  following  seems  to  be 
the  explanation  of  the  cleansing  power  of  soap  and  soap  solu- 
tions. Soap  is  a  mixture  of  the  sodiiun  salts  of  very  weak 
acids.  Consequently  when  it  is  dissolved  in  water  the  salts 
are  almost  completely  hydrolyzed  into  free  fatty  acids  and 
sodium  hydroxide.  These  free  fatty  acids  do  not,  however, 
precipitate  out  but  stay  in  colloidal  solution,  probably  because 
they  combine  with  some  of  the  undissociated  soap.  A  solution 
of  soap  is  therefore  essentially  an  alkaline  colloidal  solution,  and 
its  cleansing  action  is  connected  with  this  fact.  It  is  a  more 
or  less  general  property  of  colloidal  solutions  that  the  colloid 
tends  to  bring  other  substances  into 
colloidal  solution  and  to  prevent  the 
precipitation  of  substances  from  col- 
loidal solution.  This  is  called  the 
mutv4iL  ^protection  of  colloids.  When 
oil  is  shaken  with  soap  solution  the 
oil  remains  in  the  solution  perma- 
nently suspended  in  what  is  essen- 
tially a  colloidal  solution.  In  the 
same  way  particles  of  dirt  are 
brought  into  colloidal  solution  by 
soap  water. 

276.    Other   hydrocarbons.     We 
saw  in  the  last  chapter  that  there 
are  several  series  of  hydrocarbons 
which  contain  less  hydrogen  than  the  paraffin  hydrocarbons  ; 
as,  for  example,  the  ethylene  (CH2=CH2)  and  the  acet^l^^^ 


Fig.  i68.  Diagram  to  show 
amounts  of  by-products  ob- 
tained in  the  distillation  of 
coal. 
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(CTF^CH)  series.  In  these  substances  the  carbon  atoms  are 
joined  with  a  double  or  triple  bond.  There  is  still  another 
series  of  hydrocarbons  called  aromatic  compotmds,  which  are 
obtained  as  a  by-product  from  the  tar  in  the  distillation  of 
coal  (Fig.  168).  In  these  compounds  the  carbon  atoms  are 
joined  together  in  a  ring  containing  double  bonds.  Tte  most 
important  are  benzene  (CftHe),  toluene  (CftH^CHa),  and  naph- 
thalene (CioHg).  All  these  are  the  starting  points  in  the  man- 
ufacture of  the  so-called  coal-tar  dyes,  of  many  important  drug?, 
and  of  certain  explosives.  Naphthalene  itself  is  used  directly 
as  moth  balls. 
The  structural  formulas  of  benzene  and  toluene  are  as  follows : 

CH, 

CH  C 

/^  y% 

HC        CH  HC       CH 

HC        CH  HC       CH 

bensene  toluene 

276.  Carbolic  acid.  The  hydrogen  atoms  of  benzene  and 
of  toluene  may  be  replaced  by  other  atoms  and  groups.  Car- 
bolic acid,  or,  as  it  is  also  called,  phenol,  is  a  hydroxyl  deriva- 
•  tive  of  benzene  and  has  the  formula  CeHsOH.  Carbolic  acid 
is  another  substance  obtained  from  coal  tar.  It  is  an  excellent 
disinfectant  and  is  used  extensively  for  that  purpose.  Strong 
solutions  of  it  have  a  corrosive  action  on  the  flesh,  and  it  must 
therefore  be  used  with  caution.  A  substance  called  Bakelite, 
somewhat  resembling  hard  rubber,  is  made  by  the  interaction 
of  formaldehyde  and  phenol.  It  is  used  in  the  manufacture  of 
such  articles  as  phonograph  records  and  for  insulation  in  elec- 
trical machmery. 

A  substance  closely  allied  to  phenol  is  pyrogallic  acid  (C6Hs(0H)s),  a 
reducing  agent  which  is  used  as  "pyro"  developer  in  photography. 
Its  alkaline  solution  absorbs  oxygen  from  the  air  and  so  is  used  to 
determine  oxygen  in  gas  analysis. 
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277.  Dyes.  Dyes  are  colored  <;ompoun(is  which  can  be 
fixed  on  fabrics  so  that  they  cannot  easily  be  washed  off.  In 
the  past  most  dyes  were  obtained  from  certain  plants  and  trees. 
In  the  last  sixty  years  an  industry  has  grown  up  which  now 
manufactures  many  of  these  same  dyes  by  starting  with  coal 
tar.  A  host  of  new  colors  have  also  been  developed  and  put 
on  the  market  at  a  very  reasonable  price.  These  dye-stuflfs 
are  much  too  complicated  to  be  considered  in  this  book.  They 
are  all  orgam'c  compoimds  and  are  made  by  starting  with 
benzene,  toluene,  or  naphthalene  and  preparing  carefully  step 
by  step  a  whole  series  of  compoimds,  until  finally  one  is  formed 
which  is  the  required  dye.  Each  step  in  a  new  process  requires 
long  and  painstaking  work  in  the  laboratory  before  the  best 
way  of  carrying  out  the  preparation  is  discovered.  It  is  then 
performed  on  a  large  scale  with  large  apparatus.  Hence,  while 
it  is  true  that  the  manufactured  dye-stuffs  require  coal  tar  as 
the  starting  point,  it  must  not  be  thought  that  the  colors  are 
already  present  in  the  tar  and  need  only  be  extracted  by  some 
simple  process.  The  same  is  true  of  a  niunber  of  drugs  which 
are  sometimes  called  "coal-tar  products." 

SUMMARY  OF   CHAPTER   XXHI 

ORGANIC  CHEMISTRY  is  the  study  of  the  compounds  of 
carbon. 

A  STRUCTURAL  FORMULA  represents  the  arrangement  of 
the  atoms  composing  a  molecule.  Several  compoimds  may  have 
the  same  empirical  formula.    These  are  isomers. 

A  HYDROCARBON  is  composed  of  carbon  and  hydrogen  only. 
The  methane  series  has  the  general  formula  CnH2n+2;  the  ethyl- 
ene series^  CnH2n;  the  acetylene  series^  CMzn-^]  the  benzene 
seneSf  CnH.2n-^» 

SUBSTITUTION  PRODUCTS  are  those  in  which  one  or  more 
hydrogen  atoms  of  a  hydrocarbon  are  replaced  by  some  other 
element  or  radical.  Carbon  tetrachloride  and  chloroform  are 
such  products. 
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ALCOHOLS  may  be  thought  of  as  being  derived  from  hydro- 
carbons by  the  substitution  of  one  or  more  hydrozyl  groups  for  a 
corresponding  number .  of  hydrogen  atoms.  Ethyl  alcohol  is 
made  by  the  fermentation  of  sugar.  Methyl  alcohol  is  a  by-prod- 
uct of  the  distillation  of  wood.  Denatured  alcohol  is  ethyl  alcohol 
to  which  some  poison  hks  been  added. 

ETHER  is  ethyl  oxide.  It  is  prepared  by  the  action  of  sulfuric 
acid  on  alcohol.  H 

ALDEHYDES  contain  the  group  — C=0.  Formaldehyde,  the 
commonest  aldehyde,  is  made  by  oxidizing  methyl  alc^ohoL 

ORGANIC  ACIDS  contain  the  carboxyl  group  — C=0.  They 
can  be  made  by  oxidizing  aldehydes.  Formic  acid,  acetic  acid, 
oxalic  acid,  tartaric  acid,  and  citric  acid  are  familiar  organic  acids. 

ESTERS  are  compotmds  obtained  by  the  interaction  of  acids 
and  alcohols.     The  reaction  is  reversible. 

FATS  are  glycerin  esters  of  palmitic  and  stearic  acid.  These 
fats  can  be  hydrolyzed  to  glycerin  and  the  free  fatty  acid,  both  of 
which  are  useful. 

SOAPS  are  sodium  salts  of  the  higher  fatty  acids.  They  are 
formed  by  the  action  of  sodium  hydroxide  on  fats. 

SOAP  SOLUTION  is  essentially  a  colloidal  solution  of  a  fatty 
acid.  It  cleans  because  as  a  colloidal  solution  it  tends  to  take 
other  substances,  like  oil  and  dirt,  into  colloidal  solution  and  thus 
remove  them. 

BENZENE,  TOLUENE,  AND  NAPHTHALENE  are  three  hydro- 
carbons fotmd  in  coal  tar.  In  them  the  carbon  atoms  are  joined 
in  a  ring.  They  are  called  aromatic  hydrocarbons.  They  are 
the  starting  point  for  the  manufacture  of  so-called  coal-tar  dyes, 
and  many  drugs  and  explosives. 

CARBOLIC  ACID,  OR  PHENOL,  is  a  hydroxyl  derivative  of 
benzene,  also  fotmd  in  coal  tar.  It  is  used  as  an  antiseptic  and 
in  making  Bakelite. 

Questions 

L  Why  are  structural  formulas  so  much  used  in  organic  chemistry  ? 
2.  What  is  the  relation  between  carbon  tetrachloride  and  methane? 
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8.  What  is  the  principal  source  of  the  paraffin  series  of  hydro- 
carbons ? 

4.  Why  is  it  not  economical  to  make  grains  into  alcohol? 

6.  Why  is  glycerin  considered  an  alcohol  ? 

6.  What  group  of  elements  is  characteristic  of  organic  acids? 

7.  What  is  the  relation  between  ethyl  alcohol  and  acetic  acid? 

8.  Why  in  organic  chemistry  are  esters  sometimes  compared  with 
salts? 

9.  Name  three  organic  acids  which  are  found  in  nature. 

10.  To  what  class  of  substances  does  glycerin  belong? 

11.  What  is  the  difference  between  benzene  and  benzine? 

12.  Why  is  alcohol  sometimes  mixed  with  water  to  form  a  non- 
freezing  mixture  for  the  radiator  of  an  automobile  ? 

13.  What  valuable  by-product  is  obtained  in  the  manufacture  of 
soap? 

14.  What  two  explosives  are  made  from  coal  tar? 

16.  What  is  the  difference  between  a  synthetic  dye  and  a  natural 
dye? 

16.  What  is  the  catalyst  used  in  fermentation  ? 

17.  Name  five  organic  substances  found  in  the  home  and  describe 
how  each  was  made. 

Topics  for  Further  Study 

Industrial  alcohol.  How  is  industrial  alcohol  made?  What  laws 
govern  its  manufacture  and  sale?  Why?  In  what  way  is  the  pro- 
duction o^  cheap  alcohol  of  benefit  to  many  industries?  {Duncan* 8 
Chemistry  of  Commerce  and  Martinis  Modern  Chemistry.) 

The  importance  of  coal  tar.  What  familiar  materials  are  derived 
wholly  or  in  part  from  coal  tar?  Why  is  coal  tar  often  called  a  by- 
product? How  is  it  refined?  What  are  coal-tar  **  crudes,"  and  why 
are  they  of  vital  importance  in  time  of  war?  Why  should  the  textile 
industries  be  interested  in  coal  tar  and  its  products?  {Slo88on*8 
Creative  Chemistry,  Martinis  Modem  Chemistry,  and  Findlay*8 
Chemistry  in  the  Service  of  Mankind.) 


CHAPTER  XXIV 
LIFE  AND  ORGANIC  COMPOUNDS 

The  carbohydrates:  sugar,  glucose,' starch,  cellulose — fab- 
rics and  paper  —  nitrocellulose. 

Fats  and  oils  —  drying  oils  —  edible  oils  —  hydrogena- 
tion  of  oils. 

Foods  —  kinds  and  us^s  —  food  values  and  composition  — 
necessary  quantity  —  accessory  factors. 

278.  Carbon  compounds  and  living  matter.  It  was  orig- 
inally thought  that  in  some  peculiar  way  organic  compounds 
were  different  from  inorganic  compounds.  Before  the  middle 
of  the  last  century  all  organic  compounds  had  been  obtained 
directly  or  indirectly  from  living  matter,  and  it  was  believed 
that  a  "  vital  force  "  was  essential  for  their  production.  This 
view  was  shattered  by  the  synthesis  of  several  simple  organic 
compounds  from  inorganic  material.  Since  then  a  great  many 
complicated  organic  substances  of  all  classes  have  been  syn- 
thesized  from  such  purely  inorganic  matter  as  coal,  calcium 
oxide,  and  water.  We  now  know  that  there  is  no  essential 
difference  between  organic  and  inorganic  compounds. 

In  this  chapter  we  shall  consider  a  few  of  the  rather  complex 
substances  which  are  the  principal  products  of  animal  and 
plant  life.  These  compoimds  are  put  to  a  nimiber  of  uses  and 
are  essentiaj  foods  for  man  and  beast.  We  shall  not  be  able 
to  do  more  than  outline  the  process  of  formation  of  these  com- 
poimds in  plants  and  animals  and  shall  only  touch  on  their 
transformation  during  the  life  process.  The  branch  of  chem-, 
istry  which  deals  with  these  matters  is  every  day  becoming 
more  important  but  is  obviously  too  complicated  to  be  con- 
eidered  here.     It  is  called  biological  chemistry. 
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279.  Composition, 
fiber  are  all  common 
materials  and  a  great 
many  others  which 
are  products  of  plant 
life  belong  to  a  class 
of  carbon  compounds 
called  cirboliydrates. 
The  carbohydrat«s 
all  contain  carbon, 
hydrogen,   and   oxy- 


Si^ar,  starch,  cotton  fiber,  and  wood 
substances  of  great  importance.    These 


Fig.  i6j).     Sugar  beet  ta  v 


gen.  The  last  two  elements  are  always  present  in  the  same  pro- 
portion as  in  water ;  hence  one  might  imagine  from  the  empirical 
formula  that  the  substance  were  composed  of  carbon  and  a 
certain  amount  of  water.  This,  of  course,  is  not  the  structure 
of  the  compounds,  but  it  has  given  rise  to  the  name  carbo- 
hydrates. We  shall  con- 
sider a  few  important  car- 
bohydrates. 

280.  Ordinary  sugar 
(CijHsjOu).  The  substance 
commonly  called  sugar  is 
obtained  mainly  from  the 
sugar  cane  and  the  sugar 
beet  (Fig.  169),  althou^  it 
ff^  -    WBft^F^  ■■     ^'so   occurs    in    the    sugar 

._  i  '■i^^HBrLA  maple  and  in  honey. 


J"^l'1 


The  juioea  of  the  sugar  oane 

are  extracted  by  cruBhing  the 

stsllia    between    rollers     (Fig. 

170}  and  evaporating  the  liquid  thus  obtained  in  vacuum  pans.     In 

thiB  way  the  solution  boila  at  a  low  temperature  (about  65°  C.U  BJid. 

the  deoomposition  of  a  part  ol  the  suf^  »  ■^««^«Q.^«&.  "^^^issQ-  "^n* 
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sirup  cools  the  sugar  oryatallizes,  and  the  crystals  are  separated  from 
the  liquid  by  centrifugal  maobineB.  This  gives  brown  sugar,  which 
is  usually  refined  by  being  dissolved  in  water  and  passed  in  solution 
through  boneblacli.  The  purified  sirup  is  again  concentrated  in  vao- 
uum  pans  (Pig.  171)  and  crystallized  out.  Sugar  is  extracted  from 
the  sugar  beet  in  muob  the  same  way,  and  the  product  ia  identical  with 


Vacuum  pans  used  to  evaporate  the  sugar  juice. 


Since  there  are  a  great  many  different  kinds  of  sugar  we 
speak  of  ordinary  sugar  as  cane  sugar,  or  sucrose.  When 
cane  sugar  is  boiled  with  water  and  a  little  acid  to  act  as  a 
catalyst,  it  forma  two  simpler  isomeric  sugars,  glucosa  and 
fructose;  this  case  of  hydrolysis  is  often  called  Inversion: 
CisHjsOi,  +  HjO  ^  CeH„0,  +  CoH^O. 

Both  of  these  sugars  have  a  sweet  tast«,  but  not  so  sweet  as 
cane  sugar,  knd  they  crystallize  with  difficulty.  Thus  a  solution 
of  cane  sugar  when  boiled  with  the  addition  of  a  little  acid  or 
similar  substance  is  convert£d  into  a  sticky  mass  which  will  not 
crystallize,  a  fact  which  is  taken  advantage  of  in  making 
different  kinds  ol  candy 
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281.  Glucose,  or  grape  sugar  (C6H12O6).  This  sugar  occurs 
in  many  fruits  and  is  often  called  grape  sugar  because  of  its 
presence  in  grape  juice.  It  can  be  prepared  from  cane  sugar 
or  starch.  The  molecule  of  cane  sugar  is  composed  of  a  mole- 
cule of  glucose  and  one  of  fructose  joined  together  with  the 
loss  of  water,  in  much  the  same  way  as  an  ester  is  formed  from 
a  molecule  of  alcohol  and  one  of  acid  (§  27 1).  So  too  a  mole- 
cule of  starch  is  probably  made  up  of  a  great  many  molecules 
of  glucose  and  similar  sugars  linked  together.  When  starch 
is  boiled  with  very  dilute  acid  it  is  broken  down  into  glucose. 

Let  us  boil  a  little  starch  with  water  into  which  have  been  put  a  few 
drops  of  hydrochloric  acid  to  act  as  catalyst.  Then  we  add  enough 
sodium  carbonate  to  neutralize  the  acid.  The  liquid  is  found  to  be 
sweet  in  taste  because  of  glucose.  We  can  test  for  glucose  by  adding 
Fehling's  solution  (§  447),  which  gives  a  red  precipitate  of  cuprous 
oxide  (CU2O)  on  heating. 

To  imderstand  the  change  of  starch  into  glucose  we  must  note 
that  starch  has  such  a  large  molecule  that  we  do  not  even  try 
to  write  an  exact  empirical  formula  for  it.  It  is  sometimes 
written  as  (CeHioOs)!  since  we  do  not  know  its  molecular  weight. 
This  merely  shows  the  relative  number  of  atoms  in  the  molecule 
without  giving  their  total  number.  In  this  reaction  the  water 
decomposes  the  large  molecules  and  combines  with  the  material : 

(CeHioOs)^  +  X  H2O  — >•  X  CeHijOe 

starch  glucose 

We  have  here  an  example  of  hydrolysis. 

This  method  is  used  commercially  on  a  large  scale  for  preparing 
glucose.  The  material  is  usually  sold  as  a  thick  sirup  under 
the  name  of  glucose,  or  com  sirup,  or  as  a  mass  of  crystals. 
Glucose  is  used  very  extensively  in  the  manufacture  of  jams, 
jellies,  candies,  and  sirups.  It  is  much  cheaper  than  cane 
sugar  and  although  not  quite  so  sweet  can  be  used  in  place 
of  the  crystalline  sugar  for  most  purposes. 
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282.  Starch  (CaHioOe)-  Starch  is  the  most  abundant  of 
the  carbohydrates.  It  is  contained  in  lai^  quantities  in  all 
grains  and  in  potatoes.  Starch  is  built  up  by  plants  from  water 
and  carbon  dioxide  under  the  influence  of  the  energy  from  the 
sun  This  IB  done  m  the  plant  throu^  tiie  agency  of  the  green 
colonic  materia!  m  the  leaves,  which  ib  called  chlorophyll 
We  do  not  know  just  how  this  remarkable  synthesis  takes 
place,  it  has  been  impossible  to  duplicate  it  m  the  laboratory 
The  sugars  which  occur  in  the  sugar  cane,  the  sugar  maple, 
etc  ,  are  probably  formed  either  by  a  similar  synthesis,  or  else 


by  the  decomposition  of  some  starch  already  formed  by  the 
plant. 

Starch  is  usually  obtained  for  oomm«rcial  purpoaes  from  the  potato 
or  from  com.  It  is  present  in  vegetable  material  aa  amall  granules, 
which  are  often,  incaaed  in  fibrous  material.  The  cellular  Btntoture 
of  the  v^etable  is  broken  up  by  grinding ;  the  particles  of  starch  are 
then  washed  away  by  a  stream  of  water  and  colleoted.  Starch  la  in- 
soluble in  cold  water  but  goes  into  solution  in  hot  water,  forming  a 
colloidal  solution.  These  colloidal  solutiona  are  uaed  in  the  laundry 
for  stiffening  purposes. 

The  minute  granules  of  starch  differ  somewhat  in  appearance 
(Fig.  172)  according  to  the  source  of  the  starch.  It  is  possible 
with  a  microscope  to  determine  from  \^at  plant  any  particular 
sample  of  starch  was  obtained.  Since  it  is  the  main  constitu- 
eai  of  potatoes  and  all  the  grains,  it  enters  very  lai^ly  into 
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the  food  of  Dian.  These  starchy  foods  are  made  more  digestible 
by  cooking  because  in  that  process  the  starch  granules  burst. 
But  before  starch  can  be  assimilated  in  the  human  body  it  must 
be  converted  into  the  simpler  sugars  by  the  action  of  the  diges- 
tive juices. 

The  alcoholic  fermentation  of  grain,  of  which  we  spoke  in  the 
last  chapter,  starts  with  starch.  The  starch  is  changed  into 
sugar  by  the  action  of  water  in  the  presence  of  a  catalyst 
which  occurs  in  sprouting  barley.  Catalysts  found  in  living 
material  are  called  enzymes.  It  is  usual  to  bring  the  grain 
or  other  source  of  starch  into  contact  with  some  sprouted 
barley.  By  the  action  of  the  enzyme  the  starch  is  thus  con- 
verted into  a  sugar.  Yeast  is  then  added,  and  the  alcoholic 
fermentation  of  the  sugar  takes  place. 

283.  Cellulose  ((C6Hio06)n)-  Cellulose  is  the  principal 
material  in  the  woody  fiber  of  plants.  Linen,  cotton,  hemp, 
and  flax  are  chiefly  cellulose.  Absorbent  cotton  and  the  ordi- 
nary filter  paper  used  in  the  laboratory  are  almost  pure  cellulose. 
This  substance  is  another  carbohydrate  and  has  the  same 
chemical  composition  as  starch.  We  know  nothing  about 
the  size  of  its  molecules,  but  it  is  evidently  more  complicated 
than  starch ;  so  we  write  it  as  (C6Hio06)n-  It  is  insoluble  in 
water  and  most  other  solvents.  When  boiled  with  acids  it  is 
hydrolyzed  into  simple  sugars  like  glucose. 

284.  Fabrics  and  paper.  Vegetable  fabrics  like  cotton, 
linen,  and  jute  are  composed  of  cellulose.  The  particular 
form  in  which  this  cellulose  has  been  produced  by  the  plant 
determines  the  nature  of  the  thread  and  fabric.  Paper  is 
largely  made  from  the  cellulose  obtained  from  wood,  although 
the  finer  grades  are  manufactured  out  of  linen  and  cotton 
rags. 

Wood  is  Gomposed  of  a  rather  impure  form  of  cellulose,  but  in  the 
manufacture  of  paper  some  of  these  impurities,  which  are  colored 
resinous  materials,  are  removed  after  the  \\'ood  has  been  reduced  to  a 
pulp.    When  this  wood  pulp  is  rolled  oul  into  t\mi  ^'eftXi^  ^sA  ^xnr^ 
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{Fig.  173),  we  have  a  porous  paper,  auoh  as  filter  paper,  which  ia  (airly 
pure  cellulose.  In  order  to  make  a  paper  that  is  suitable  for  writing 
and  jnintii^,  the  pulp  is  mixed  with  a  number  of  inorganio  solids  suoh 
as  clay  aud  ohalk ;  these  substances  are  called  fillers  and  lend  rigidity 
and  body  to  the  paper.  Most  papers  are  given  a  smooth  coating  by 
treating  them  with  some  substance  like  oaaein  (from  milk),  which  oan 
be  ironed  into  the  hard  surface  necessary  for  writing  and  [uinting. 

Cheap  paper  is  made  from  so-called  "  mechanical  pulp." 
This  is  wood  which  has  merely  been  ground  to  a  pulp  by  a 


Pig.  173.    Paper-nuklng  mAchliie. 


sort  of  grindstone.  Such  paper  contains  most  of  the  original 
impurities  of  the  wood  and  soon  turns  yellow  and  becomes 
brittle.  Better  grades  of  paper  are  made  from  pulp  which 
has  been  purified  by  treatment  with  sodium  hydroxide,  bleach- 
ing powder,  or  sodium  sulfite.  These  chemicals  remove  the 
impurities  from  the  cellulose. 

Paper  made  from  mechanical  pulp  gives  a  yellow  color  when  treated 
with  a  water  solution  of  aniline  (a  benzene  derivative,  C(H|NH|). 
Newspapers  and  wrapping  papers  will  give  this  test ;  writing  paper 
usually  will  not. 
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The  animal  fabrics,  silk  and  wool,  are  not  carbohydrates. 
They  are  complex  nitrogen  compoimds.  The  essential  differ- 
ence between  the  appearance  of  silk  and  cotton  is,  however, 
due  to  the  mechanical  structure  of  the  fiber  and  not  to  its 
chemical  constitution.  Figure  174  shows  the  difference  be- 
tween these  fiber  structures.  A  thread  of  silk  is  one  continuous, 
long  tube,  which  causes  the  well-known  appearance  of  silk 
material.     Cellulose  can  be  converted  into  a  long  fiber  which 


Cotton  Wool  Silk 

Fig.  174.    Three  textile  fibers,  greatly  magnified. 

somewhat  resembles  that  of  silk.  This  is  done  by  dissolving 
it  in  certain  solvents  and  then  squirting  the  solution  through 
a  very  fine  hole  into  a  second  solution  which  immediately  causes 
the  cellulose  to  be  reprecipitated  in  the  form  of  a  fine,  long, 
continuous  thread.  When  these  threads  are  woven  into  a 
fabric,  the  product  closely  resembles  pure  silk  and  is  called 
artificial  silk.     The  material  is,  however,  still  cellulose. 

Mercerized  cotton  is  made  by  treating  cotton  cloth  under 
tension  with  sodium  hydroxide.  After  washing  and  drying, 
the  cloth  has  a  somewhat  silky  appearance  and  is  stronger 
than  ordinary  cotton  cloth. 

286.  Nitrocellulose.  When  cellulose  is  treated  with  a  mix- 
ture of  sulfuric  and  nitric  acids,  it  forms  an  ester  of  cellulose  and 
nitric  acid.  This  action  probably  takes  place  because  of  a  cer- 
tain number  of  hydroxyl  groups  which  are  present  in  the  cellu- 
lose molecule.  According  to  the  concentration  of  the  acid  and 
the  way  in  which  the  reaction  is  earned  ouX,,  ^  n^t^\3l'^^\£l^>3s>^. 
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of  nitric  acid  can  be  made  to  react  with  the  cellulose.    Tlie 
products  are  called  nitrocellulose. 

Nitrocellulose  which  contains  relatively  little  nitrogen  (called  the 
lower  nitrates)  is  used  in  the  preparation  of  smokeless  powder  (§  241). 
Collodion  is  a  solution  of  the  lower  nitrates  in  a  mixture  of  alcohol  and 
ether.  When  these  solvents  evaporate,  they  leave  a  thin  film  of  material, 
which  is  used  for  coating  photographic  plates  and  for  similar  purposes. 
Collodion  is  often  sold  under  the  trade  name  of  "  new-skin  **  or 
*'  liquid  court-plaster."  CeUuloid  is  made  by  heating  a  mixture  of 
camphor  and  nitrocellulose.  It  is  consequently  very  inflammable 
and  ignites  with  almost  explosive  violence.  The  higher  nitrates  are 
called  guncotton  and  are  used  as  the  explosive  in  torpedoes. 

Fats  and  Oils 

286.  Fats  and  oils  are  esters.  Both  plants  and  animals 
form  a  number  of  substances  which  are  classed  as  fats  and  oils. 
The  plant  products  are  usually  liquids  and  are  called  oils ;  for 
example,  oUve  oil  and  cottonseed  oil.  Similar  substances  which 
are  made  in  the  animal  body  from  the  vegetable  oils  which  it 
consumes  are  semi-solids  and  are  called  fats,  such  as  butter 
and  lard.  These  substances  are  all  esters  of  organic  adds  and 
glycerin.  For  example,  stearin  is  the  principal  fat  in  tallow; 
it  has  the  formula  C3H6(Ci8H3602)3.  It  is  derived  from  glycerin 
(C3H5(OH)3)  and  stearic  acid  (C17H36COOH). 

287.  Drying  oils.  One  common  use  of  the  vegetable  oils 
appears  in  the  manufacture  of  paints  and  varnishes.  Most 
important  for  this  purpose  is  linseed  oil,  which  is  obtained 
by  squeezing  the  oil  from  certain  seeds.  The  acids  of  which 
linseed  oil  is  the  ester  contain  less  hydrogen  than  the  cor- 
responding fatty  acids.  If  we  should  write  out  their  for- 
mula we  should  find  that,  like  ethylene,  they  contain  carbon 
atoms  linked  together  by  double  bonds.  C!ompounds  of  this 
sort  which  are  deficient  in  hydrogen  are  called  unsaturated 
compounds.     In  Hnseed  oil  these  imsaturated  esters  have  the 

property  of  combining  with  the  oxygen  of  the  air.    This  process 
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of  oxidation  results  in  the  formation  of  k  very  tough,  impervious, 
but  transparent  substance.  It  takes  place  when  we  spread  a 
thin  coat  of  linseed  oil  on  a  piece  of  wood  and  leave  it  for  a  few 
days.  We  speak  of  it  as  drying,  but  the  process  is  really  not 
drying  in  the  usual  sense  of  the  word  but  oxidation.  Paints 
are  suspensions  of  colored  materials  in  Unseed  oil ;  when  this 
mixture  is  exposed  to  the  air,  the  oil  is  oxidized  to  a  thin,  hard 
coating  which  is  colored  by  the  suspended  materials  called 
pigments.  Certain  oxides,  like  red  lead  (Pb304),  facilitate  the 
oxidation  of  the  oil  and  are  often  mixed  with  the  paint  in  order 
to  cause  it  to  oxidize  more  quickly.  Such  substances  are  spoken 
of  as  dryers. 

288.  Edible  oils.  Fats  and  oils  are  used  extensively  as 
foods.  For  a  great  many  culinary  purposes  it  is  necessary  to 
have  a  solid  fat;  hence  the  animal  fats  are  used  in  cooking 
to  the  almost  complete  .exclusion  of  the  vegetable  oils.  The 
only  difference  between  these  compounds  is  a  few  hydrogen 
atoms  more  or  less.  Recently  a  process  has  been  devised  by 
which  these  hydrogen  atoms  can  be  added  artificially.  The 
vegetable  oil  is  heated  and  mixed  with  a  certain  catalyst, 
usually  finely  divided  nickel.  Hydrogen  gas  is  then  blown 
through  the  mixture  and  under  the  influence  of  the  catalyst 
is  absorbed  by  the  unsaturated  oil,  thus  producing  the  ester 
of  a  fatty  acid  with  a  much  higher  melting  point.  The  nickel 
is  filtered  off  while  the  mixture  is  still  hot.  On  cooling,  the 
mass  sets  to  a  solid  which  in  every  way  resembles  an  animal 
fat.     This  process  is 'called  the  hydrogenation  of  oils. 

Olive  ofl  consists  mainly  of  olein  (C8H6(Ci8H8802)3)  and  palmatin 
(C|H*(Ci6H8i02)8)  ;  lard  is  prepared  from  the  fat  of  the  hog  and  contains 
stearin  in  addition  to  palmatin  and  olein.  Beef  tallow  is  a  solid  fat 
which  is  mainly  qtearin.  These  materials  have  become  so  expensive 
that  various  mixtures  of  beef  fat  and  cottonseed  oil  are  now  used  in 
cooking  under  such  names  as  Cottolene.  It  is  further  possible  by 
hydrogenation  to  convert  cottonseed  oil  into  a  hard  solid,  which  is  sold 
as  Crisoo  and  other  lard  substitutes.  Fish  oils  can  be  converted  into 
oils  suitably  for  making  jsoaps,    : 
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Foods 
289.  Uses  of  different  kinds  of  foods.    The  food  we  eat 

serves  three  disiijict  purposes : 

(1)  To  build  up  new  parts  and  replace  worn-out  ones ; 

(2)  To  keep  the  body  at  the  required  temperature ; 

(3)  To  supply  the  energy  which  enables  us  to  work. 

It  is  convenient  to  divide  our  foods  into  four  clasaes  accord- 
ing to  their  composition  and  the  purposes  they  serve.  The 
carbohydrates,  such  as  starch  and  sugar,  furnish  both  heat 
and  body  energy  and  also 
assist  in  building  fats  in  the 
body.  The  fats  —  for  ex- 
ample, butter,  meat  fat,  and 
olive  oil  —  produce  both 
heat  and  energy.  To  some 
extent  they  form  layers  of 
protective  tissue  which  may 
serve  as  a  reserve  food  sup- 
ply. The  proteins,  which 
are  chemically  very  com- 
plex substances,  are  foods 
rich  in  nitrogen;  for  in- 
stance, lean  meat  and  the 
white  of  eggs.  These  re- 
place the  worn-out  muscle 
Fig.  175.  Emil  Fischer  (1852-I91fl).  tissue.  The  proteins  have 
BriUiant  organic  ohemiat,  who  added  much     recently       been       Carefully 

to  our  knowledge  of  the  carbobydratea    studied    by    the    German 

and  proteioa.  ,         .        ^f   .         ,„,       ,  __^ 

chemist,  Fischer  (Fig.  175). 
Finally,  various  mineral  compounds  are  needed  in  the  body  to 
serve  a  great  variety  of  uses.  The  quantities  of  iron,  chlorine, 
sulfur,  phosphorus,  calcium,  magnesium,  sodium,  and  potassium 
which  are  required  are  extremely  small.  These  substances  are 
usually  supplied  in  common  salt,  meat,  fruit,  and  vegetables. 
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290.  Value  of  food.  Many  articles  of  food  contain  com- 
pounds which  represent  all  four  classes  of  food  substances, 
but  the  proportion  of  carbohydrates,  fats,  and  proteins  in  them 
varies  greatly  (Fig.  176).  Milk  probably  contains  all  of  these 
food  substances  in  about  the  proportion  in  which  they  are 
needed  in  the  body.  The  composition  of  cow's  milk  averages 
approximately  as  follows : 

Water 87.2% 

Casein  (nitrogenous  matter) 3.6% 

Butter  fat 3.6% 

Lactose  (milk  sugar) 4.9% 

Mineral  matter 0.7% 

It  is  the  casein  which  is  used  in  the  manufacture  of  cheese.  When 
milk  sours  the  lactose  changes  by  fermentation  to  lactic  acid.  This 
change  is  brought  about  by  certain  bacteria. 

Since  foods  act  partly  as  fuels  to  supply  the  necessary  heat 
and  energy,  we  may  determine  their  heat  value  very  much  as 
we  determine  the  heat  value  of  coal.  The  following  table 
taken  from  Sherman's  "  Chemistry  of  Food  and  Nutrition" 
shows  the  percentage  composition  and  fuel  value  in  Calories  * 
per  poimd  of  the  edible  portion  of  a  few  common  foods. 


Apples  .  .  . 
Bacon  .  .  . 
Bananas  .  . 
Beans,  dried  . 
Beef,  round  steak 
Bread,  white  . 
Butter  .  .  . 
Com,  green  . 
Eggs .... 
Oatmeal  .  . 
Potatoes  .  . 
Tomatoes   .     . 


Water 


84.6 
20.2 
75.3 
12.6 
73.8 
35.3 
11. 
75.4 
73.7 
7.3 
78.3 
94.3 


Carbo- 

HTDRATB 


14.2 

22.0 
59.6 

53.1 

19.7 

67.5 

18.4 

3.9 


Fat 


0.5 

64.8 

0.6 

2.9 

7.9 

1.3 

85.0 

1.1 

10.5 

7.2 

0.1 

0.4 


Protein 


0.4 

9.9 

1.3 

22.5 

22.1 

9.2 

1.0 

3.1 

14.8 

16.1 

2.2 

0.9 


Aeua 


0.3 

5.1 
0.8 
3.5 
1.2 
1.1 
3.0 
0.7 
1.0 
1.9 
1.0 
0.5 


Fuel 
Value 


285 
2840 

447 
1565 

694 
1199 
3491 

455 

672 
1811 

374 

104 


*  The  Calorie  used  here  is  the  large  Calorie,  which  is  the  amount  of  heat  re- 
quired to  raise  the  temperature  of  1  kilogram  of  -watec  V^  C. 

u 
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U.  8.  DtvorinufU  of  AorieuUure 

^m      Hi 

W<U»r  Carbohydrate 


PrexMuvd  by  C.  P.  Lanamortky 


Fat 


Frotnn 


AmK 


WHOLE  MILK 


Fat:  A.0 — ». 
Ask:  0.7 — ' 


< — Water:  87.0 


Protatn:  S.S 
Carbohydrates:  5.0 


FUEL  VALUE: 

E 

US  oaloriee  per  pound 


WHOLE  EGG 

Water:  7S.7 

-Protein:  14.8 
'Fat:  10.5 
^Ash:  1.0 

FUEL  VALUE: 


OATMEAL 

COOKED 


< Wattr:  84.5 


Fat:  0.5 

rbokydrates:  11 .5 


895  ecUoriee  per  pound 

WHITE  BREAD 

Water:  85.8  -A4 

Protein:  9.2- 
Fat:  1.3 

Carbo- 

hydrates:  58.1 

Ash:  1 .1     )l  II II II  luuuuuuuuuu^ 


FUEL  VALUE: 


u 


FUEL  VALUE:  I        fjO  calories  per  pound 


1J80  ealories  per  pound 


BEEFSTEAK 
EDIBLE  PORTION 


Water:  81.9 


Protein:  i.2. 
Fat:  0.1 


POTATO 


Protein:  18.8 
Fat:  18.5 


Water:  78  9 


-Ash:  1.0 
FUEL  VALUE:  ^H 1090  calories  per  pound 


Aeh:  1.0 

CarbohydraUs:  18.A 

FUEL  VALUE: 

c 

ST5  ctdories  per  pound 


Fig.  176.    Diagram  to  show  the  iiroportion  of  carbohydrates,  fats,  proteins^  and 

water  in  some  common  articles  of  food. 
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291.  How  much  food  do  we  need?  In  recent  years  an  im- 
mense amoimt  of  experimental  study  has  been  devoted  to  this 
subject,  and  the  authorities  do  not  altogether  agree  in  their  re- 
sults. In  general,  however,  it  is  considered  that  the  total  energy 
value  of  an  adult  diet  should  be  not  less  than  3000  Calories  a 
day.  It  is  evident,  of  course,  that  this  value  will  depend  some- 
what on  the  nature  of  the  work  which  one  is  doing.  Then,  too, 
there  are  many  other  factors  which  affect  the  process  of  diges- 
tion but  which  are  difficult  to  measure,  such  as  the  appetizing 
character  of  the  food  and  the  nervous  condition  of  the  person. 

The  amoimt  of  protein  required  for  building  up  and  replac- 
ing the  worn-out  parts, of  the  body  is  probably  a  great  deal' 
less  than  that  consumed  in  our  usual  diet ;  the  balance  of  the 
protein  food  which  we  eat  is  merely  consumed  as  fuel.  It 
must  not  be  thought  that  the  proteins  alone  supply  the  material 
for  replacement  and  growth.  Both  fats  and  carbohydrates 
are  also  concerned  in  this  process  although  their  chief  use  is  to 
supply  energy.  It  would  seem  as  if  75  grams  (about  3  ounces) 
of  protein  per  day  were  sufficient  for  the  average  adult;  this 
is  much  less  than  most  of  us  eat. 

292.  Accessory  factors.  In  addition  to  the  foods  that  we 
have  considered,  the  animal  system  must  also  have  an  adequate 
supply  of  water  and  inorganic  salts,  which  are  obtained  with- 
out difficulty  in  the  food.  Recently  a  great  deal  of  interesting 
evidence  has  been  accimiulated  showing  that  very  minute 
amounts  of  certain  compoimds  seem  also  to  be  essential  to 
the  growth  and  healthy  condition  of  animals.  These  sub- 
stances have  been  called  accessory  factors  in  the  diet;  they 
have  not  yet  been  definitely  identified  or  isolated,  although  in 
certain  cases  they  are  nitrogen  compounds  which  have  been 
called  "  vitamines."  They  appear  to  be  substances  analogous 
to  catalysts.  Certain  diseases,  such  as  6m-6m  and  scurvy, 
have  been  shown  to  be  due  to  their  absence  in  the  diet.  In 
general,  it  can  be  said  that  a  widely  distributed  diet  will  insure 
a  sufficient  supply  of  these  accessory  factors. 
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Because  of  the  extreme  complexity  of  the  reactions  which 
go  on  in  the  body,  the  whole  problem  of  nutrition  is  a  very 
difficult  one.  The  heat  values  of  foods,  such  as  those  shown 
in  the  table,  are  of  some  help  in  determining  the  proper  diet ; 
but  one  must  obviously  be  very  careful  in  drawing  any  con- 
clusions from  such  inadequate  data.  These  energy  values  do 
not  take  into  accoimt  the  protein  requirement,  the  digestibility 
of  the  food  stuff,  or  the  need  and  importance  of  accessory  factors. 

SUMMARY  OF   CHAPTER  XXIV 

NO  ESSENTIAL  DIFFERENCE  exists  between  organic  and 
inorganic  compoimds.  Many  organic  compoimds  may  be  pre- 
pared in  the  laboratory  from  inorganic  materiaL 

CARBOHYDRATES  are  compounds  which  contain  carbon 
combined  with  hydrogen  and  oxygen  in  the  proportion  in  which 
they  occur  in  water.  Sugar,  starch,  and  cellulose  are  important 
carbohydrates. 

ORDINARY  SUGAR  is  made  from  sugar  cane  or  sugar  beet. 
On  being  boiled  with  water  in  the  presence  of  an  acid  it  is 
hydrolyzed  into  glucose  and  fructose, 

STARCH  is  obtained  commercially  from  com  or  potatoes. 
Starch  may  be  broken  down  into  glucose  by  dilute  acids,  or  by  an 
enzyme  in  sprouting  barley.  This  change  is  brought  about  before 
the  alcoholic  fermentation  of  grains  and  starch. 

CELLULOSE  is  a  carbohydrate  which  constitutes  the  fibrous 
material  of  plants.  Cotton,  linen,  and  paper  are  mainly  cellulose, 
but  wool  and  silk  are  not. 

NITROCELLULOSE  is  made  by  the  action  of  nitric  acid  on 
cellulose.  It  is  the  basis  for  smokeless  powder,  collodion,  and 
celluloid. 

FATS  AND  OILS  are  the  glycerin  esters  of  organic  acids. 
Drying  oils  are  oxidized  in  dr3ring.  Vegetable  oils  differ  from 
animal  fats  by  only  a  few  hydrogen  atoms,  which  can  be  added 
artificially  by  means  of  a  catalyst. 
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FOODS  serve  (1)  as  fuel  to  supply  energy  for  doing  work,  (2) 
as  fuel  to  keep  the  body  warm,  and  (3)  to  furnish  material  to  repair, 
worn-out  and  growing  parts. 

FOUR  CLASSES  OF  FOODS  are  fats^  carbohydrates^  pro- 
teinsy  and  mineral  compounds.  Fats  and  carbohydrates  furnish 
primarily  the  necessary  energy.  Proteins  (nitrogen  compounds) 
are  essential  to  growing  organisms  and  are  necessary  for  replacing 
wear  and  tear. 

THE  AVERAGE  ADULT  needs  food  which  will  furnish  about 
3000  Calories  per  day  and  which  contains  about  75  grams  of  pro- 
tein, besides  small  but  indispensable  amounts  of  mineral  com- 
pounds. 

CERTAIN  MINUTE  AMOUNTS  of  substances  have  been 
found  to  be  essential  in  the  diet.  These  substances  are  called 
accessory  factors. 

^  Questions 

1.  How  does  a  hydrocarbon  differ  in  composition  from  a  carbo- 
hydrate? 

2.  Why  are  vacuum  pans  used  in  concentrating  sugar  solutions? 

3.  How  could  you  prove  that  a  piece  of  filter  paper  contained 
carbon? 

4.  How  would  you  test  for  the  presence  of  grape  sugar? 

6.  Describe  the  steps  in  the  process  of  making  alcohol  from  potatoes. 

6.  In  preparing  starch  from  corn,  why  is  cold  water  used  instead  of 
hot? 

7.  What  is  the  difference  between  sucrose  and  glucose?  between 
collodion  and  celluloid? 

8.  What  chemical  process  takes  place  when  the  paint  dries  on  the 
side  of  a  house? 

9.  What  is  the  distinction  between  a  fat  and  an  oil? 

10.  What  is  the  difference  between  oils  made  from  petroleum  and 
vegetable  oils? 

11.  What  is  the  danger  in  putting  formalin  into  milk  as  a  preserv- 
ative? 

12.  Why  should  oatmQ«4  b^  thoroughly  oooki^l 
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13.  What  difference  should  be  made  between  summer  and  winter 
diets? 

14.  What  difference  should  be  made  between  the  diet  of  a  bank 
clerk  and  that  of  a  blacksmith? 

16.  Name  three  articles  of  food  which  are  rich  in  carbohydrates,  in 
fats,  in  proteins. 

16.  Why  is  an  abundant  supply  of  pure  water  necessary  for  the 
digestion  and  assimilation  of  our  food  ? 


Rbview  Questions 

1.  Describe  three  allotropic  forms  of  carbon.    State  how  they  are 
obtained.    Give  the  uses  to  which  they  are  put. 

2.  What  is  soap?    How  is  it  made?    What  is  the  difference  between 
hard  and  soft  soap? 

3.  How  is  ethyl  alcohol  prepared  commercially?    What  agent  effects 
the  production  of  ethyl  alcohol  in  this  process? 

4.  How  may  nitric  acid  be  made?    Write  the  equation.    State  the 
properties  of  nitric  acid. 

6.  (a)  Outline  one  method  of  making  concentrated  sulfuric  acid. 
(b)  Show  how  the  "properties  of  this  product  differ  from  those  of 
dilute  sulfuric  acid. 

6.  Explain  how  the  human  body  obtains  energy  from  the  sun. 

Topics  for  Further  Study 

Sugar.  Has  sugar  always  been  an  essential  part  of  man's  food? 
How  is  sugar  obtained  from  the  sugar  cane  and  sugar  beet?  What  is 
molasses?  What  familiar  articles  of  food  contain  large  amounts  of 
glucose?  How  is  it  made,  and  is  it  a  desirable  food?  Is  saccharin  a 
sugar?  {Slo88on*8  '  Creative  Chemistry  and  Martin's  Modem 
Wonders.) 

Essential  materials  from  wood  and  cotton.  What  is  the  chief  con- 
stituent of  wood  fiber  and  cotton?  What  are  some  of  the  important 
things  into  which  it  can  be  converted  ?  In  what  way  has  the  printing 
press  helped  to  deplete  our  forests?  What  is  the  chemical  relation- 
ship of  artificial  silk,  smokeless  powder,  "  new  skin,"  writing  paper, 
and  a  photographic  film?  How  is  each  made?  (Slosson's  Creative 
Chemistry  and  Duncan's  Chemistry  of  Commerce.) 


CHAPTER  XXV 
SODIUM  AND  POTASSIUM  COMPOUNDS 

Alkali  metals  —  sodium  chloride  —  hydroxide,  prepara- 
tion, properties,  and  uses  —  sodium  carbonate,  manufacture 
by  Leblanc  and  Solvay  processes  —  the  two  carbonates  of 
soda,  properties  and  uses  —  hydrolysis  —  other  sodium  com- 
pounds. 

Potassiimi  compounds  —  source  and  use  as  fertilizers  — 
preparation  of  saltpeter  —  deliquescence.  Metallic  sodium 
and  potassium  —  sodium  peroxide  —  comparison  with  ammo- 
niimi  salts  —  flame  tests  —  spectroscope. 

293.  General  characteristics.  The  compounds  of  sodium 
and  potassium  are  so  much  alike  that  they  can  conveniently 
be  considered  in  the  same  chapter.  The  elements  sodium  and 
potassium  are  both  metals  with  a  valence  of  one,  and  form 
positive  monovalent  ions.  They  are  not  found  in  a  free  state 
in  nature.  All  of  their  simpler  compounds  are  soluble  in 
water.  Both  metals  form  strong  bases  with  water,  and  both 
form  many  useful  compounds,  which  occur  abundantly. 

294.  Sodium  chloride,  or  common  salt  (NaCl).  This  sub- 
stance occurs  as  large  beds  of  rock  salt,  which  are  found  mainly 
in  the  United  States,  Austria,  and  Germany.  It  also  forms  the 
major  part  of  the  dissolved  material  in  sea  water  and  in  certain 
inland  lakes,  like  Great  Salt  Lake  and  the  Dead  Sea.  Salt  for 
conmiercial  purposes  is  obtained  by  mining  rock  salt  and  by 
the  evaporation  of  sea  water  or  the  brine  which  is  obtained  from 
salt  wells  located  near  salt  deposits.  In  certain  places,  such  as 
on  some  of  the  shores  of  San  Francisco  Bay  (Fig.  177),  the  sea 
water  is  run  into  shallow  basins  and  is  evaporated  by  the  heat 
of  the  Sim.    In  other  places,  as  in  Russia,  t\ve  ^^\fc^  Ss^^^trxs. 
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out  of  the  solution.  But  usually  the  solution  is  evaporated  by 
heat  under  reduced  pressure.  The  pure  salt  crystallizes  Out 
first  and  can,  if  necessary,  be  collected  and  recrystallized  for 
further  purification. 

Sodium  chloride  is  the  source  of  all  sodium  compounds  and 
is  consequently  of  great  importance  to  many  industries  (see 
Industrial  Chart,  page  205).  A  small  quantity  of  salt  is  es- 
sential in  the  food  of  both  man  and  beast ;  large  amounts  are 
used  in  preserving  meat  and  fish  and  in  making  ice-cream. 


aJd  of  a  tractor. 

When  it  is  to  be  used  for  industrial  purposes,  it  is  generally 
sold  in  the  form  of  rock  salt,  which  is  made  by  crushing  to  a 
uniform  size  the  lumps  as  mined.  For  cooking  purposes  and 
for  the  table  it  is  sold  as  a  fine  crystalline  powder.  It  is  gen- 
erally contaminated  with  a  small  quantity  of  calcium  and  mag- 
nesium chlorides,  which  readily  absorb  moisture  from  the  air 
and  cause  the  salt  to  stick  together  in  lumps.  Chemically  pure 
salt,  from  which  these  impurities  have  been  removed,  does  not 
absorb  wat«r  from  the  air. 

296.  Sodium  hydroxide,  or  caustic  soda  (NaOH).  We  have 
already  seen  (§  31)  that  when  metallic  sodium  reacts  with 
water  hydrogen  is  evolved  and  a  substance  called  sodium 
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hydroxide  is  left  in  solution.    Commercially  it  is  prepared  by 
one  of  two  methods. 

The  electiolTtlc  method  consists  in  passing  an  eleotrio  ourrent 
through  a  solution  of  sodium  chloride.  Sodium  chloride  in  aqueous 
solution  is  ionized,  as  we  know,  into  sodium  (Na^)  and  chlorine  (Cl~) 
ions.  Therefore  we  fiud  that  the  ohloriue  ions  move  toward  the  anode 
and  are  discharged  with  the  liberation  of  free  chlorine ;  and  that  the 
sodium  ions  move  with  the  current  toward  the  cathode  and  are  there 


Fig.  178.    Electrolytic  cell  for  decompoaing  Mdt. 

disoharged,  forming  metallic  sodium.  But  this  in  turn  reacts  with  the 
water  of  the  solution  and  forms  sodium  hydroxide  with  the  liberation 
of  free  hydrc^en.     These  reactions  can  be  expressed  as  follows : 

NaCl  — »-  Na*  +  CI"  (in  solution) 

At  cathode  2  Na*  — >■  2  Na  At  anode  2  CI"  — *-  CI, 

2  Na  +  2  H,0  — >■  2  NaOH  +  H, 

If  this  process  is  carried  out  in  one  vessel  the  sodium  hydroxide 
gradually  diffuses  back  to  the  other  electrode  and  reacts  with  the 
chlorine  to  form  products  which  are  not  desired.  Several  different 
devices  have  been  invented  to  obviate  this  difficulty.  Perhaps  the 
nmplest  of  these  involves  the  separation  of  the  two  electrodes  bv  auMn& 
of  porous  aabeatoa,  aa  shown  in  figure  17S.    T^  qveNm'o.  vi^  «>^  «^ 
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anodes  and  the  perforated  steel  diaphragm  ae  the  cathode.  A  oonoen- 
trated  solution  of  salt  is  fed  in  near  the  positive  electrode,  and  the  so- 
dium hydroxide  solution,  which  is  formed  near  the  other  electrode,  Ib 
continually  drawn  off.  The  solution  of  sodium  hydroxide  is  then 
evaporated  at  a  high  temperature  and  leaves  sodium  hydroxide  in  a 
molten  condition.     This  can  be  cast  into  any  desired  shape. 

In  some  factories  (Fig.  179),  such  as  papW  mills,  both  bleaching 
powder  and  caustic  soda  aire  employed,  and  so  immediate  nse  can  be 


Fis.  179.    Room  conUiniog  tevaral  bundred  cells,  each  of  which  is  decomposiiii 


made  of  all  the  products  of  this  electrolysis  of  sodium  chloride  except 
the  hydrogen.  The  chlorine  produced  at  the  anode  is  passed  directly 
into  calcium  hydroxide  to  form  "  bleach." 

In  the  Ume  process  sodium  carbonate  is  treated  with  slaked  lime; 
insoluble  calcium  carbonate  and  sodium  hydroxide  are  formed : 

>Ja,CO,  +  Ca(OH),  — »-  CaCO,  I  +  2  NaOH 
The  calcium  carbonate  is  filtered  off  and  thesolution  evaporated  as  before. 

296.  Properties  and  uses  of  sodium  hydroxide.    This  sub- 
etanee  is  a  white  solid,  which  for  laboratoiy  purposes  is  ordi- 
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narily  sold  in  slender  sticks,  but  for  industrial  uses  as  a  solid 
mass  in  iron  drums.  It  rapidly  absorbs  water  and  carbon 
dioxide  from  the  air.  When  dissolved  in  water  it  is  almost 
completely  ionized  and  is  therefore  a  strong  base.  Its  solutions 
are  used  whenever  hydroxyl  ions  are  needed  in  the  laboratory. 

Concentrated  solutions  of  sodium  hydroxide  and  the  mois- 
tened solid  itself  are  very  corrosive,  hence  the  name  caustic 
soda.  It  will  quickly  disintegrate  most  vegetable  and  am'mal 
material.  ^In  the  household  it  is  valuable  for  cleansing  pur- 
poses because  it  reacts  with  and  dissolves  grease ;  it  is  sold  in 
tin  cans  under  the  name  lye.  Sodium  hydroxide  is  a  very 
important  substance  in  the  industries ;  it  is  used  in  the  manu- 
facture of  soap,  in  the  refining  of  petroleum,  and  in  the  prepara- 
tion of  coal-tar  products.     (See  Industrial  Chart  on  page  205.) 

297.  The  manufacture  of  sodium  carbonate  (Na2C03).  For- 
merly this  substance  was  obtained  from  the  ashes  of  sea  plants 
and  was  called  soda  ash.  In  recent  times  the  need  for  it  has 
become  so  great  that  two  methods  have  been  devised  for  mak- 
ing it  directly  from  salt. 

The  Leblanc  process  is  the  older  and  is  still  used  in  Europe.  In  this 
method  sodium  chloride  and  sulfuric  acid  react  to  produce  hydro- 
chloric acid  and  sodium  sulfate  (also  called  Glauber's  salt) : 

2  NaCl  -f  H2SO4  — ►  Na,S04  +  2  HCl  t 

The  sodium  sulfate  is  then  reduced  to  the  sulfide  by  heating  with 

carbon: 

Na,S04+4C — ^Na2SH-4COt 

The  sodium  sulfide  is  now  treated  in  water  solution  with  calcium 
carbonate,  and  the  following  reaction  takes  place : 

NasS  +  CaCOa — >- CaS  i   +Na,COs 

The  calcium  sulfide  (CaS)  is  relatively  insoluble,  and  so  the  very 
soluble  sodium  carbonate  can  be  dissolved  away  from  it.  In  practice 
the  process  is  shortened  to  two  steps,  the  sodium  sulfate  being  mixed 
with  both  coke  and  limestone.  The  last  two  reactions  then  ^o  o\i. 
together. 
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The  principal  by-product  obtained  is  hydrochloric  acid.  If 
it  were  not  for  this  valuable  by-product,  the  Leblanc  process 
could  not  hold  its  own  in  competition  with  the  other  important 
method  of  making  soda. 

In  the  United  States  the  Solvay  process  is  used  almost  alto- 
gether. At  Syracuse,  N.  Y.  (Fig.  180),  the  process  is  carried 
out  on  an  enormous  scale.  The  principle  of  the  process  can  be 
explained  in  three  steps : 

[1]  Ammonia  and  carbon  dioxide  are  dissolved  in  water,  forming 
ammonium  bicarbonate  (NH4HCO8). 

•  [2]  This  in  turn  reacts  with  sodium  chloride,  giving  sodium  bicar- 
bonate (NaHCOs)  and  ammonium  chloride.  The  sodium  bicarbonate, 
being  only  sparingly  soluble  in  this  solution,  is  precipitated. 

[3]  Finally,  the  bicarbonate  on  heating  fonns  the  carbonate. 
The  reactions  are  as  follows : 

NH3  +  CO2  +  H2O  — >-  NH4HCO,  [1] 

NH4HC03+NaCl — >-NaHCO,i  H-NHiQ  [2] 

2  NaHCOs  — >-  NajCO,  +  H,0  +  CO,  [3] 

In  the  commercial  process  these  reactions  are  carried  out  in  the  fol- 
lowing manner :  Brine  from  a  salt  well  is  saturated  with  ammonia  gas 
and  is  then  pumped  into  a  carbonating  tower.  Carbon  dioxide  enters 
this  tower  at  the  bottom  under  pressure  and  is  absorbed  by  the  am- 
moniacal  brine.  The  sodium  bicarbonate  comes  down  as  a  fine  powder 
suspended  in  the  liquid  and  is  filtered  off.  The  ammonium  chloride 
is  recovered  from  the  solution  by  evaporation  and  is  treated  with  lime 
in  order  to  secure  the  ammonia  for  use  again : 

2  NH4CI  +  Ca(OH),  — >-  2  NH3 1  +  CaCl,  +  2  H,0 

In  this  way  no  ammonia  is  lost  in  the  process.  The  carbon  dioxide  is 
obtained  by  heating  limestone;  the  other  product  is  calcium  oxide, 
which  gives  with  water  calcium  hydroxide : 

CaCOs  — ►  CaO  +C0,  T 
CaO+HaO  — >-  Ca(OH), 

The  calcium  hydroidde  is  used  for  regenerating  the  ammonia  as  just 
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described.  Thus  we  see  (Fig.  181)  that  in  this  process  the  raw  materials 
are  calcium  carbonate  (limestone)  and  sodium  chloride,  two  substances 
which  can  be  obtained  very  cheap  and  in  large  quantities.  The  two 
products  are  sodium  carbonate  and  calcium  chloride.  The  latter 
has  very  little  value  and  is  for  the  most  part  thrown  away. 
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The  Solvay  process  is  much  simpler  and  apparently  more 
economical  than  the  Leblanc  process,  which,  as  we  have  said, 

is  still  used  because  of  the 
value  of  the  hydrochloric 
acid  produced  in  the  first 
step.  Such  a  product  which 
is  not  the  main  object  for 
which  the  process  is  ccLrried 
out  is  called  a  by-product. 
Many  manufacturing  opera- 
tions are  made  financially 
possible  by  the  production 
of  one  or  more  valuable  by- 
products. 

298.  The  two  carbonates 
of  soda.  Sodimn  carbonate 
forms  large  crystals  contain- 
ing ten  molecules  of  water 
(NaaCOs  •  10  H2O).  It  is 
very  soluble  in  cold  water. 
Sodium  bicarbonate 
(NaHCOs)  (sometimes 
called  sodium  hydrogen  car- 
bonate) is  a  fine,  white, 
crystalline  powder  which  is 
only  sparingly  soluble  in  water.  When  a  solution  of  sodium 
carbonate  in  water  is  saturated  with  carbon  dioxide,  sodium 
bicarbonate  is  precipitated : 
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Fig.  181.    Diagram  of  the  Solvay  process. 


NagCOa  +  H2O  4-  CO2  — >-  2  NaHCOs 
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The  reverse  of  this  reaction  takes  place  when  sodium  bicar- 
bonate is  heated,  as  in  the  last  step  of  the  Solvay  process. 
Both,  substances  react  readily  with  acids,  forming  a  salt  and 
carbonic  acid.  Since  carbon  dioxide  is  but  slightly  soluble  in 
water  the  carbonic  acid  decomposes  and  the  gas  escapes;  for 
these  reasons  the  reaction  nms  practically  to  an  end : 

NaHCOa  +  HCl    — ^     NaCl  +  H2O  +  CO2 

NaaCOs  +  2  HCl  — ^  2  NaCl  +  H2O  +  CO2 

Because  the  carbonates  will  react  with  acids,  producing  salts, 
they  can  be  used  instead  of  a  hydroxide  for  neutrahzing  an 
acid.  They  are  also  used  as  a  source  of  carbon  dioxide.  The 
fire  extinguisher  described  in  section  67  contained  a  solution 
of  sodium  bicarbonate. 

299.  Baking  powders.  Sodimn  bicarbonate  is  also  an  essen- 
tial component  of  baking  powders;  hence  it  is  often  called 
baking  soda,  or  sal  soda.  The  other  necessary  ingredient  of 
baking  powders  is  some  solid  substance  which  is  weakly  acidic, 
such  as  cream  of  tartar,  calcium  acid  phosphate,  or  alum. 
When  the  carbonate  and  the  acid  become  wet,  there  is  a  reaction 
which  results  in  a  large  volume  of  carbon  dioxide  gas,  which 
leavens  the  dough.  In  some  cases  sour  milk  is  used  instead  of 
the  solid  acid.  Here  the  lactic  acid  reacts  with  the  carbonate. 
Baking  powders  usually  contain  a  small  amount  of  starch  or 
flour  to  keep  them  from  deteriorating.  In  making  so-called 
raised  bread,  yeast  is  used,  which  reacts  with  the  sugar  in  the 
dough  and  by  alcoholic  fermentation  produces  carbon  dioxide 
gas. 

300.  Sodium  carbonate,  or  washing  soda  (Na2C03).  Sodium 
carbonate  is  often  called  washing  soda  because  it  acts  as  a 
mild  alkali  and  yet  is  not  so  alkaline  as  to  injure  seriously  the 
flesh  or  fabrics.  Sodium  carbonate  is  used  in  enormous  quan- 
tities in  the  manufacture  of  caustic  soda,  soap,  and  glass.  (See 
Industrial  Chart  on  page  205.) 


304  SODIUM  AND  POTASSIUM  COMPOUNDS 

Some  of  the  sodium  carbonate  is  put  on  the  market  as  a  dry 
powder,  but  another  large  part  is  sold  as  the  so-called  soda 
crystals  (Na2C03  •  10  HjO).  These  crystals  are  transparent  and 
contain  ten  molecules  of  water.  They  slowly  crumble  to  a 
white  powder  consisting  of  the  more  or  less  dehydrated  sub- 
stance.    This  is  an  example  of  the  process  of  efflorescence. 

301.  Hydrolysis.  The  reason  why  water  solutions  of  sodium 
carbonate  show  an  alkaline  reaction  when  tested  with  litmus  is 
easily  seen  if  we  consider  the  ionic  reactions  involved.  Water 
is  very  slightly  dissociated  into  H"*"  and  OH"  and,  although  we 
have  hitherto  disregarded  this  dissociation,  we  now  find  it  to  be 
of  importance.  The  carbonate  ion  (CO3"  ")  combines  with  a 
certain  number  of  hydrogen  ions  (H"'")  from  the  water  and 
thus  produces  carbonic  acid  (H2CO3).  This  is  a  very  weak, 
acid  and  is  only  very  slightly  dissociated ;  hence  a  number  of 
undissociated  carbonic  acid  molecules  are  formed  in  the  solu- 
tion, as  shown  in  the  following  equations : 

H2O  =^=^  H+  +  OH- 

NaaCOa  =^=^  2  Na+  +  COs*  " 

2  H+  +  CO3-  -  =^=^  H2CO3 

For  every  ion  of  hydrogen  which  is  thus  removed  by  the  forma- 
tion  of  the  undissociated  molecules,  there  is  left  a  hydroxyl  ion 
in  the  solution.  The  result  is  that  a  solution  of  sodium  car- 
bonate contains  a  greater  number  of  hydroxyl  ions  than 
hydrogen  ions.  Therefore  it  reacts  alkaline,  but  only  feebly  so, 
for  the  concentration  of  the  hydroxyl  ions  is  necessarily  small 
since  they  can  be  formed  only  to  the  extent  that  undissociated 
carbonic  acid  is  produced.  The  action  of  the  ions  of  water  on  a 
dissolved  salt  is  called  hydrolysis.  It  takes  place  whenever  we 
are  dealing  with  the  salt  of  a  weak  acid  and  a  strong  hasCy  and 
results  in  an  alkaline  solution.  The  weaker  the  acid,  the  more 
alkaline  will  the  solution  be. 
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It  is  interesting  to  note  in  this  connection  that  the  solution 
of  sodium  bicarbonate,  often  called  acid  sodium  carbonate, 
reacts  neutral  with  litmus. 

We  also  have  hydrolysis  in  the  case  of  salts  which  are  formed 
from  a  strong  add  and  a  weak  base.  Here  a  certain  concentra- 
tion of  undissociated  base  is  produced,  and  an  equivalent  amoimt 
of  hydrogen  ions  are  set  free,  giving  an  acid  reaction  to  the 
solution;  thus,  ammonium  nitrate,  copper  sulfate,  and  zinc 
chloride  solutions  all  react  acid  with  litmus. 

Salts  of  strong  adds  and  strong  bases  are  not  hydrolyzed^  and 
the  solutions  give  a  neutral  reaction.  Such  salts  are  sodium 
chloride,  potassimn  nitrate,  sodium  sulfate. 

302.  Other  important  compounds  of  sodium.    We  have  already 

described  (§  218)  sodium  nitrate  as  that  valuable  natural  nitrate 
which  is  used  as  a  source  of  nitric  acid  and  as  a  fertilizer.  A  second 
important  compound,  called  sodium  thiosulf ate  (Na2S203),  is  made  by 
boiling  a  solution  of  sodium  sulfite  with  sulfur.  The  hydrate  is  known 
as  "  hjTpo  "  (NasSsOs  •  5  H2O)  and  enters  extensively  into  the  fixing 
process  of  photography  and  into  the  bleaching  industry.  Another 
salt  is  soditun  cyanide  (NaCN),  a  white  solid  with  a  strongly  alkaline 
water  solution.  It  is  extensively  used  in  extracting  gold  because  it 
dissolves  that  metal  in  the  presence  of  air.  The  compound  itself  is 
extremely  poisonous,  and  in  contact  with  acids  evolves  the  very  poisonous 
hydrocyanic^  or  firussic,  add  (HCN),  which  is  sometimes  used  to  exter- 
minate vermin. 

303.  Potassium  compounds.  Potassium  compounds  are 
very  similar  to  sodium  compounds;  we  need  consider  them 
only  very  briefly.  In  general  they  are  somewhat  more  soluble 
than  sodium  compounds  and  are  therefore  often  preferred  in 
the  laboratory.  Since  they  are  more  expensive,  however, 
they  are  not  used  in  the  industries  when  the  corresponding 
sodium  salt  will  serve  as  well. 

Potassium  compounds  are  very  widely  distributed.  They 
occur  as  the  constituents  of  many  igneous  rocks,  but  these 
rocks  are  not  suitable  sources  for  obtaining  the  compounds 
oommercially. 


306 


SODIUM   AND  POTASSIUM   COMPOUNDS 


304.  Potassium  salts  as  fertilizers.  In  Chapter  XXI  we  saw 
that  mtrogen  compounds  were  essential  to  the  growth  of  plante. 
Potassium  compounds  are  no  less  important  in  this  regard. 
Most  artificial  fertilizers  contain  potassium  salts,  and  the  re- 
sults of  experiments  like  those  shown  in  figure  182  prove  that 
they  are  a  valuable  plant  food.  When  plants  are  burned  the 
potassium  compounds  are  converted  into  potassium  carbonate, 


CoiirtEsy  oi  Sou  Feroittu  Lot.,  V.  3.  Dan-  of  Air, 
Pig.  183.    A  11.  S.  government  experiment  ehowiag  the  effect  of  fertUizen  on 
potatoes:  i,  fertilizer  lacking  potassium  salts;   3,  do  fertilizer;  3,  fertHliei 
containing  potaislnm  aalls. 

which  is  found  in  the  ashes.  Thus  wood  ashes  return  needed 
potassium  salts  to  the  soU.  By  extracting  wood  ashes  with 
water,  potassium  carbonate  is  produced.  This  was  the  old 
way  of  preparing  potassium  carbonate,  which  was  called  potash. 
Since  potassium  compounds  must  be  applied  to  the  soil  in 
order  to  produce  the  best  crops,  the  question  of  the  maimer 
of  obtaining  them  is  vital.  Potassium  chloride  is  found  in 
large  deposits  of  mixed  salts  at  Stassfurt,  Germany,  and  this 
has  hitherto  been  the  principal  source  of  supply,  althou^ 
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other  luitural  deposits  have  been  found  m  certain  places  (e,g, 
in  Utah)  and  have  been  used  to  a  small  extent.  When  the 
recent  war  cut  off  the  Stassfurt  supply,  considerable  quantities 
of  potassium  compounds  were  produced  in  this  coimtry  from 
our  own  mineral  deposits,  from  the  cement  industry,  in  which 
they  are  a  valuable  by-product,  and  from  the  ash  of  one  or 
two  giant  algae  of  the  California  coast.  Strangely  enough, 
although  most  sea  plants  contain  sodium  compounds  rather 
than  potassium  compoimds,  these  algae  are  an  important 
exception. 

306.  Important  potassium  compounds.  Potassiimi  hydroxide, 
or  caustic  potash  (KOH),  is  prepared  exactly  as  sodium  hy- 
droxide and  resembles  this  substance  in  its  physical  and  chem- 
ical properties.  In  the  laboratory  it  is  used  instead  of  sodium 
hydroxide  for  a  few  special  purposes,  but  in  general  the  re- 
actions of  the  two  are  identical.  Potassium  carbonate  and 
bicarbonate  are  very  much  like  the  corresponding  sodium 
compounds,  except  that  the  bicarbonate  is  very  soluble  in 
water.  For  this  reason  potassium  carbonate  cannot  be  pre- 
pared by  the  Solvay  process  but  must  be  manufactured  by  the 
Leblanc  process.  Since  the  compounds  of  potassium  are  more 
expensive  than  those  of  sodimn  they  find  only  limited  uses  aside 
from  that  as  fertilizers. 

Potassium  nitrate  (KNO3)  is  commonly  called  saltpeter. 
It  is  usually  prepared  from  sodium  nitrate  by  the  following 

reaction :        NaNOa  +  KCl  — ^  NaCl  +  KNOa 

When  hot  saturated  solutions  of  sodium  nitrate  and  potassium 
chloride  are  brought  together,  the  sodium  chloride  is  precipi- 
tated and  can  be  filtered  off,  leaving  potassium  nitrate  in 
solution  with  only  a  little  sodium  chloride.  The  solution  can 
then  be  cooled  and  the  potassium  nitrate  crystallized  out. 
This  reaction  depends  upon  the  solubilities  of  the  substances 
involved  at  various  temperatures;  the  relationship  is  best 
shown  by  the  curves  given  on  page  152. 
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306.  Deliquescence.  Tke  chief  use  of  potassium  nitrate  appears 
in  the  manufacture  of  gunpowdfe.  For  this  purpose  it  is  better  than 
sodium  nitrate  because  the  latter  tends  to  absorb  moisture  from  the 
air  and  so  makes  it  ditBoult  to  keep  the  gunpowder  dry.  There  are  a 
large  number  of  salts  which  resemble  sodium  nitrate  in  their  tendency  to 
take  up  water  from  the  air.  This  property  of  oertiun  substances  is 
called  deliquescence. 


307.   Metallic  sodium  and  potassium.     Metallic  sodium  is 
prepared  by  the  electrolysis  of  fused  sodium  hydroxides.     This 
operation  was  first  carried  out 
by  Sir  Humphry  Davy  (Fig. 
183). 

In  the  iron  apparatus  shown  in 
figure  1S4  the  molten  sodium 
hydroxide  conducts  the  current 
Just  as  a  solution  o!  the  substance 
does;  oxygen  ia  Uberated  at  one 
electrode  and  the  metallic  sodiiun 
and  hydn^en  at  the  other.  In 
the  fused  hydroxide,  however,  the 
metallic  sodium  finds  no  water 
with  which  to  react  and  can  be 
obtained  in  the  free  state. .  It  is 
lighter  than  the  fused  hydroxide, 
floats  to  the  top  in  a  molten  con- 
dition, and  is  ladled  off  from  time 
to  time.  Metallic  potassium  is 
made  in  exactly  the  same  way. 


Fia.  183.    Sir  Humphbt  Davy 
(1778-1829). 
Brilliant  English  investigator  who  dis- 
covered sodium  and  potassium  and 
invented   the  safety  lamp  used  by 


Both    metallic    potassium 
™'"™'"  and  metalHc  sodium  are  very 

active  substances  and  can  be  kept  only  if  out  of  contact  with 
the  air.  They  are  usually  preserved  under  some  such  liquid  as 
kerosene.  When  freshly  cut  both  metals  are  silver  white  and 
very  soft.  They  combine  with  most  of  the  nonmetallic  ele- 
ments, such  as  oxygen  and  chlorine,  with  great  enei^.  The 
reaction  with  water  has  already  been  discussed  (§  31).     In  the 
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case  of  potaBeium  .the  reaction  is  so  violent  that  a  piece  of  the 
metal  takes  6re  when  it  is  dropped  on  water. 

308.  Sodium  peroxide.     When  metallic  sodium  is  heated  in 
'   air,  it  produces  an  oxide  known  as  sodium  peroxide  (NajOi). 

This  oxide  contains  one  atom  more  of  oxygen  than  the  normal 
oxide  of  sodium,  and  is  a  vigorous  oxidizii^  agent ;  for  that 
reason  it  finds  many  uses.  So- 
dium peroxide  reacts  with  water 
to  form  oxygen  and  thus  fur- 
nishes a  very  convenient  method 
of  generating  oxygen  in  the  lab- 
oratory. Metallic  sodium  is  pre- 
pared on  an  industrial  scale  for 
the  preparation  of  this  sub- 
stance. 

309.  ComparisoQ  with  ammo- 
nium   compounds.     In   Chapter 

*  XIX  we  studied  the  common  ■ 
compounds  of  ammonium  (NH,), 
such  as  the  hydroxide,  chloride, 
sulfate,  and  nitrate.  These  com- 
pounds are  very  similar  to  the 
corresponding  compounds  of  so- 
dium and  potassiiun,  in  that  the 
salts  are  white  soUds  and  are  soluble  in  water,  and  in  that 
ihe  ammonium  radical  forms  a  monovalent  positive  ion. 

310.  Flame  tests  for  sodium  and  potassium.  Since  all 
sodium  and  potassium  compounds  are  soluble  in  water,  we 
cannot  test  for  tiiem  by  any  precipitation  reaction.  There 
is,  however,  one  teat  for  these  elements  which  is  extremely 
sensitive  and  which  distinguishes  them  absolutely  from  every 
other  substance.  This  is  the  color  of  the  light  which  all 
sodium  and  potassium  compounds,  as  well  as  the  elements 
themselves,  give  out  when  they  are  heated  to  a  h^  tem- 
perature. 
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We  may  hold  a  piece  of  clean  platinum  wire  in  the  blue  flame  of  a 
burner  until  all  color  disappears  from  the  flame  (Fig.  185).     It  may 

be  necessary  to  use  a  new 
burner  to  avoid  impurities. 
We  touch  the  wire  to  a 
sodium  salt  and  bring  it 
again  to  the  edge  of  the 
flame.  Then  we  repeat  the 
experiment  using  a  pure 
salt  of  potassium. 

The  yellow  color  is  a 
test  for  sodium.  This  is 
so  delicate  a  test  that 
all  the  flames  in  a  labora- 
tory where  sodium  salts  are  being  used  show  traces  of  yellow 
color. 

Potassium  compounds  color  a  similar  flam>e  purple.  This 
color  is  a  test  for  potassium  and  its  compounds  but  is  easily 
obscured  by  the  yellow  color  due  to  a  trace  of  sodium.  To 
obviate  this  diflSculty  the  flame  may  be  observed  through  a 


Fig.  185.    Flame  test 
for  sodium. 


Fig.  186.    Bunsen  spectroscope. 

blue  glass,  which  cuts  out  the  yellow  light  and  enables  us  to 
jBse  the  potassium  flame  if  it  is  present. 
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We  may  hold  a  piece  of  clean  platinum  wire  in  the  blue  flame  of  a 
burner  until  all  color  disappears  from  the  flame  (Fig.  185).     It  may 

be  necessary  to  use  a  new 
burner  to  avoid  impurities. 
We  touch  the  wire  to  a 
sodium  salt  and  bring  it 
again  to  the  edge  of  the 
flame.  Then  we  repeat  the 
experiment  using  a  pure 
salt  of  potassium. 

The  yettow  color  is  a 
test  for  sodium.  This  is 
80  delicate  a  test  that 
all  the  flames  in  a  labora- 
tory where  sodium  salts  are  being  used  show  traces  of  yellow 
color. 

Potassium  compounds  color  a  similar  flam>e  purple.  This 
color  is  a  test  for  potassium  and  its  compounds  but  is  easily 
obscured  by  the  yellow  color  due  to  a  trace  of  sodium.  To 
obviate  this  diflSculty  the  flame  may  be  observed  through  a 


Fig.  185.    Flame  test 
for  sodium. 


Fig.  186.    Bunsen  spectroscope. 

blue  glass,  which  cuts  out  the  yellow  light  and  enables  us  to 
jsee  tbe  potassium  flame  if  it  is  present. 


USE  OF   THE  SPECTROSCOPE  311 

311.  Use  of  &e  ^lectroscc^.  A  more  exact  method  of 
testing  for  sodium  and  potassium  is  fumi!>hc-d  by  the  i>pectto- 
scope  (Fig.  186).  This  in- 
strument analyzes  the  li^t 
from  the  flame  by  means  of 
a  glass  prism  and  shov?  a 
sharp,  bri^t  yellow  line 
when  sodium  is  present, 
even  though  the  flame  may 
be  at  the  same  time  col- 
ored by  more  than  ihii 
one  substance.  Other  sub- 
stances ^ow  characi*-ri5tic 
lines  when  examinM  in 
this    way    (see    Spectrum 

Chart ).     Some     of     th*in 

have    a    great   many  liu^ 

of  \-aried  colors ;  bu:  none 

of  the  lines  from  di5eren: 

elementf  coincide  ex&rrly, 

and    thus   the  preaenoe  of     7 ,  -,■ 

Beveral     elemenis    in    ri.*        -'■* 

same  substance  fAn  be  6^- 

tected.     This  method  of  tLilyii 

187)  and  Kirehht^  ii  diivxvfrTf: 
resembled  sodium  &&d  yj'Jtra 
rubidJiun. 

crosses!    bv  i 
lines  are  trailed  I 
outer   lav«-<rf  ihe  ss^'i  *!=.-j» 
Absorb  ccTtun  th*ivr,«titrM  yjr:. 
may  be  obserrw!  m  tiit  *V-c».v-rr 
throng  a  sodhun  flvstt  k=(f  :^>^  . 
be  seen  wlijeb  ic  in  tbt  iai=«  >^w 
of  tlie  ' 
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311.  Use  of  the  spectroscope.  A  more  exact  method  of 
testing  for  sodium  and  potassium  is  furnished  by  the  spectro- 
scope (Fig.  186).  This  in- 
strument analyzes  the  li^t 
from  the  flame  by  means  of 
a  glass  prism  and  shows  a 
sharp,  bright  yellow  line 
when  sodium  is  present, 
even  thouf^  the  flame  may 
be  at  the  same  time  col- 
ored by  more  than  this 
one  substance.  Other  sub- 
stances show  characteristic 
lines  when  examined  in 
this  way  {see  Spectrum 
Chart).  Some  of  them 
have  a  great  many  lines 
of  varied  colors;  but  none 
of  the  lines  from  different 
elements  coincide  exactly, 
and  thus  the  presence  of 
several  elements  in  the 
same  substance  can  be  de- 
tected. This  method  of  analysis  was  used  by  Bunsen  (Fig, 
187)  and  Kirchhoff  in  discovering  two  new  elements  which 
resembled  sodium  and  potassium,  namely,  ctesium  and 
rubidium. 

When  the  solar  speotrum  is  studied  carefullj,  we  find  that  it  is 
crossed  by  many  vertical  dark  lines  (see  Speotnim  Chart).  These 
lines  are  called  Fraunhofer  lines  and  are  caused  by  the  presence  in  the 
outer  layer  of  the  sun's  atmosphere  of  many  gaseous  elements  which 
absorb  certain  charaotenstio  portions  of  the  light.  The  same  effect 
may  be  observed  in  the  laboratory  if  a  beam  of  white  light  is  passed 
through  a  sodium  flame  and  then  into  a  spectroscope ;  a  dark  line  will 
be  seen  which  is  in  the  same  place  in  the  spectrum  as  the  usual  O  Una 
of  the  sodium  spectrum. 


Fio.  187.     Robert  Wilhelm  Bunben 

(1811-1899). 
Famous  German  cbemist  who  invented  the 

spectroscope  and  the  burner  used  in  the 

laborBkiry. 
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SUMMARY  OF  CHAPTER  XXV 

ALL  SODIUM,  POTASSIUM,  AND  AMMONIUM  SALTS 
are  at  least  moderatel3r  soluble  in  water.  Sodium,  potassium, 
and  ammonium  ions  are  positive  and  monovalent. 

THE  CHLORIDES  of  sodium  and  potassium  occur  in  nature 
and  are  used  to  prepare  other  compounds  of  these  metals. 

THE  HYDROXIDES  of  these  two  metals  are  prepared  by  the 
electrolysis  of  the  chloride  solutions^  or  by  the  action  of  lime  on 
the  carbonate.    They  are  strong  bases. 

THE  CARBONATES  occur  in  plant  ashes.  They  are  manu- 
factured by  the  Leblanc  process.  Soditma  carbonate  is  manu- 
factured by  the  Solvay  process;  this  consists  in  the  action  of 
carbon  dioxide  on  the  ammoniacal  solutions  of  the  chlorides,  which 
forms  the  bicarbonate.  The  carbonate  is  made  from  the  bicarbon- 
ate by  heating. 

THE  CARBONATES  ARE  USED  in  washing  powders  and  in 
making  glass  and  other  compounds.  Sodium  bicarbonate  is  one 
component  of  baking  powders  and  is  also  used  in  chemical  fire 
extinguishers. 

SOLUTIONS  OF  THE  CARBONATE  are  weakly  alkaline,  be- 
cause of  the  excess  of  hydroxyl  ions  left  by  the  formation  of  un- 
dissoeiated  carbonic  acid  from  the  hydrogen  ions  of  water.  This 
action  is  called  hydrolysis. 

HYDROLYSIS  is  the  action  of  the  ions  of  water  on  dissolved  salts. 
Salts  formed  by  a  weak  acid  and  a  strong  base  give  alkaline  reactions. 
Salts  formed  by  a  strong  acid  and  a  weak  base  give  acid  reactions. 

POTASSIUM  COMPOUNDS  are  essential  for  the  growth  of 
land  plants  and  are  therefore  used  as  fertilizers.  The  chief 
source  is  the  Stassfurt  deposits  in  Germany. 

METALLIC  SODIUM  AND  POTASSIUM  are  made  by  the 
electrolysis  of  the  fused  hydroxides.  They  are  very  active  sub- 
stances. Metallic  sodium  is  used  to  prepare  sodium  peroxide^ 
an  active  oxidizing  agent. 

AMMONIUM  compounds  resemble  potassium  compounds 
in  many  respects. 

SODIUM  compounds  color  a  Bunsen  flame  yellow;  potassium 
compounds  color  the  flame  purple. 
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THE  SPECTROSCOPE  enables  one  to  detect  extremely  small 
quantities  of  sodium,  potassium,  etc.,  by  analyzing  the  light  from 
the  flame  into  characteristic  colored  lines. 

QuBsnons 

1.  What  proi>6rties  have  ammonium  salts  in  common  with  those 
of  sodium  and  potassium? 

2.  Why  is  caustic  soda  cheaper  than  caustic  potash? 
8.  Why  are  baking  powders  used  in  cooking? 

4.  What  ingredient  is  common  to  all  baking  powders? 

6.  Explain  why  the  water  solution  of  sodium  carbonate  gives  an 
alkaline  reaction  with  litmus. 

6.  Describe  three  sources  of  common  salt. 

7.  How  would  you  prepare  chemically  pure  (C.  P.)  sodiuili  chloride 
from  salt? 

8.  What  are  the  most  important  uses  of  the  two  carbonates  of 
sodium? 

9.  How  could  you  distinguish  in  the  laboratory  between  sodium 
carbonate  and  bicarbonate? 

10.  How  would  you  test  a  compound  for  potassium  in  the  presence 
of  sodium? 

11.  Explain  why  a  given  weight  of  sodium  hydroxide  "  goes  farther  *' 
in  neutralizing  an  acid  than  the  same  weight  of  potassium  hydroxide.  * 

12.  Why  is  metallic  sodium  not  prepared  by  the  electrolysis  of  sodium 
chloride? 

• 

18.  When  a  Seidlitz  powder  is  dissolved  in  water  there  is  much  effer- 
vescence.    Explain. 

(Seidlitz  powder  contains  tartaric  acid  in  white  paper  and  sodium 
bicarbonate  and  Rochelle  salt  in  blue  paper.) 

14.  What  would  happen  in  Question  13  if  the  patient  took  the  con- 
tents of  the  papers  separately  ?     Don't  try  it ! 

16.  Compare  the  solubility  curves  of  sodium  chloride  and  potassium 
nitrate.  What  practical  use  is  made  of  this  difference  in  solubility  of 
these  two  salts? 

16.  What  takes  the  place  of  baking  powder  in  making  **  raised 
bread"? 
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17.  Write  the  necessary  equations  to  show  the  reactions  involved 
in  changing  sodium  chloride  into  sodium  bicarbonate ;  sodium  chloride 
into  metallic  sodium ;  sodium  bicarbonate  into  sodium  sulfate. 

18.  Write  equations  for  the  preparation  of  sodium  hydroxide  by 
three  different  methods. 


Topics  for  Further  Stddt 

Common  salt.  Why  is  salt  said  to  be  one  of  the  foundation  stones 
of  all  chemical  industry?  What  is  its  direct  connection  with  human 
life  ?  What  two  substances  which  are  made  from  it  are  found  in  every 
household?  What  is  the  cheapest  source  of  salt?  (Martin's  Modem 
Chemistry.) 

The  chemistry  of  the  stars.  How  has  the  spectroscope  enabled 
astronomers  to  tell  what  chemical  elements  are  present  in  the  stars? 
What  is  the  probable  origin  of  the  solar  system?  (Duncan* s  Some 
Chemical  Problems  of  To-day  and  J.  C.  Philip's  Romance  of  Modem 
Chemistry.) 


CHAPTER  XXVI 
THE  HALOGENS 

Chlorine  —  preparation,  properties,  uses.  Bromine  — 
occurrence,  preparation,  properties  —  hydrobromic  acid  — 
bromides.  Iodine  —  hydriodic  acid  —  iodides.  Replace- 
ment of  halogens.  Fluorine  —  hydrofluoric  acid.  Com- 
parison of  the  halogens. 

312.  The  halogens.  We  have  already  met  the  element 
chlorine  a  number  of  times  m  such  compounds  as  hydrochloric 
acid  and  common  salt.  There  are  three  other  elements  — 
fluorine,  bromine,  and  iodine  —  which  resemble  chlorine  in 
many  respects  and  which  together  with  chlorine  are  called 
the  halogens.  This  family  of  elements  is  characterized  by 
the  fact  that  all  the  members  are  nonmetals  with  the  valence 
of  one.  They  form  monovalent  negative  ions  which  are  known 
as  the  chloride  ion,  fluoride  ion,  bromide  ion,  and  iodide  ion 
respectively.  These  ions  are  derived  from  the  corresponding 
acids,  which  are  water  solutions  of  gaseous  compounds  con- 
taining one  atom  of  hydrogen  and  one  of  the  nonmetal. 

Chlorine 

This  element  is  very  widely  distributed  in  the  form  of  chlo- 
rides. We  have  already  considered  the  most  important, 
namely,  those  of  sodium  and  potassium.  Sodium  chloride  is 
the  source  of  all  chlorine  compounds. 

313.  Preparation.  Industrially  chlorine  is  prepared  as  a  by- 
product in  the  manufacture  of  sodium  hydroxide  (§  295). 
The  gas  which  is  evolved  during  the  electrolysis  of  ^jCk^Jssssa. 
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Fig.  1 88.    Laboratory  prepara- 
tion of  chlorine. 


chloride  is  usually  very  pure  and  is  either  used  directly  or  is 
compressed  and  liquefied  for  transportation.     Large  quantities 

of  it  are  converted  into  an  important 
compound  called  bleaching  powder, 
which  will  be  described  in  the  next 
chapter. 

In  the  laboratory  chlorine  is  pie- 
pared  from  concentrated  hydro- 
chloric acid  (Fig.  188).  This  acid 
is  treated  with  an  oxidizing  agent 
which  oxidizes  the  hydrogen  of  the 
acid  to  water  and  sets  chlorine  free. 
^^^^^  Manganese  dioxide  (Mn02)  is  com- 

/^/^   c^irr^/p   I^JI^     monly  employed  as  the  oxidizing 
'^-^  agent.    The    reaction    is    as    fol- 

lows: 

4  HCl  +  Mn02 — ^MnCls  +  2  H2O  +  CI2 1 

Instead  of  employing  hydrochloric  acid  it  is  possible  to  use 
a  mixture  of  sodium  chloride  and  sulfuric  acid,  which  produces 
hydrochloric  acid : 

Mn02+2NaCl +2H2SO4— ^MnS04+Na2S04+2H20+Cl2 1 

314.  Properties.  Chlorine  is  a  greenish  yellow  gas  with  a 
very  irritating  odor.  It  is  extremely  poisonous  and  exposure 
even  for  short  periods  to  a  low  concentration  of  it  will  produce 
serious  lung  trouble.  For  this  reason  it  was  the  first  "  poison 
gas  "  used  in  the  World  War.  A  so-called  "  cloud  attack  "  with 
this  gas  is  shown  in  figure  189.  It  is  about  two  and  a  half 
times  as  heavy  as  air.  It  can  very  readily  be  liquefied  at 
ordinary  temperatures  by  applying  a  pressure  of  between 
six  and  seven  atmospheres.  Liquid  chlorine  is  now  an  article 
of  commerce  and  is  sold  in  strong  steel  cylinders. 

315.  Chemical  activity.  Chlorine  is  an  extraordinarily 
active  substance.    It  combines  with  a  number  of  elements  at 
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room  temperature,  forming  the  chlorides  with  the  evolution  of 
much  heat.     Powdered  antimony  and  arsenic  burst  into  flame 


Tig.  189.    Cloud  attack  with  chlorine  duiini  the  World  War. 

when  they  are  introduced  into  the  gas.     A  jet  of  hydrogen  if 

lighted  in  the  air  will  continue  to  bum  in  an  atmosphere  of 

chlorine  (Fig.  190).     This  combustion  is  unusual  inasmuch  aa 

no  oxygen  is  involved.     The  reaction  which 

takes  place  and  which   produces  heat  and 

light  b  the  combination  of  hydrogen  and 

chlorine   to  form  hydrogen  chloride.     The 

white   fumea  of  hydrochloric   acid  can  be 

seen  if  one  breathes  into  the  jar.    Many 

compounds  of  carbon  and  hydrogen - 

example,   turpentine  —  react  so  vigorously 

with  chlorine  that  a  flame  is  produced.   The 

other  products  of  the  reaction  are  free  carbon  ^i"-  'i"-  .Bn 

and  hydrochlonc  acid. 

316.  Chlorine  water.     Chlorine  is  somewhat    soluble  in 
water :  one  volume  of  water  under  ordinary  •jo^^'Otfios.  &.?b(^n*m». 


hydlrogen  in  chlorine. 
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about  three  volumes  of  the  gas.  The  chlorine  is  partly  in  true 
solution  and  partly  present  as  two  compounds,  hydrochloric 
acid  and  hypochlorous  acid.  This  latter  substance  is  unstable 
and  breaks  down'  easily  into  oxygen.  Industrially  it  is  a  very 
valuable  substance  because  of  its  oxidizing  power. 

317.  Uses.  Chlorine  is  very  extensively  used  in  the  in- 
dustries (see  Industrial  Chart  on  page  205).  It  enters  into  the 
manufacture  of  certain  other  chlorine  compoimds,  such  as  sulfur 
chloride,  carbon  tetrachloride,  and  chloroform.  Its  main  use 
lies  in  the  production  of  dilute  solutions  of  hypochlorous  acid 
or  the  salts  of  this  acid,  both  of  which  are  important  as  bleach- 
ing and  disinfecting  agents  (Chapter  XXVII). 

Bromine 

Bromine  occurs  as  the  bromides  of  sodium  and  magnesium 
in  certain  deposits  of  common  salt.  The  bromides  can  be 
extracted  and  separated  from  the  chlorides  by  crystalJization, 
or  the  bromine  can  be  freed  directly  and  then  converted  into 
any  desired  bromine  compounds. 

318.  Preparation.  Bromine  can  be  prepared  in  much  the 
same  way  as  chlorine;  that  is,  either  by  electrolysis  of  a 
solution  of  sodium  bromide  or  by  the  oxidation  of  hydrobromic 
acid.  If  a  mixture  of  sodium  bromide  and  sodium  chloride  is 
electrolyzed,  bromine  is  given  oflf  at  the  positive  electrode 
before  the  chlorine.  Advantage  is  taken  of  this  fact  in  obtain- 
ing free  bromine  from  the  salt  deposits  just  mentioned. 

In  the  laboratory  we  employ  a  mixture  of  manganese  dioxide, 
sodium  bromide,  and  sulfuric  acid,  which  is  equivalent  to 
hydrobromic  acid.  The  equation  is  similar  to  that  for  making 
chlorine. 

2NaBr-}-Mn02+2H2S04  — ^Na2S04+MnS04+2  H20+Br2 

The  laboratory  preparation  of  bromine  is  usually  carried  out  in 
an  apparatus  called  a  retort  (Fig.  191).     The  mixture  of  sodiimi  bro- 
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mide,  sulfuric  acid,  and  manganese  dioxide  is  placed  in  the  retort  and 
gently  heated.  Bromine  vapors  fill  the  retort  and  condense  in  a  cool 
receiver  which  is  provided.  Since  bromine  does  not  mix  with  water 
it  is  convenient  to  place  some  water  in  the  receiver.  A  layer  of  bromine 
then  collects  under  this  water,  and  the  fumes  do  not  escape  into  the 
atmosphere. 

319.  Properties.  Bromine  is  a  dark,  brownish  red  liquid, 
about  three  times  as  heavy  as  water ;  it  is  the  only  nonmetallic 
element  which  is  a  liquid 
under  ordinary  conditions. 
It  has  a  strong,  suflFocat- 
ing  smell  (the  name  bro- 
mine means  a  stench)  and 
attacks  the  nose  and 
throat,  as  chlorine  does, 
and  irritates  the  eyes. 
The  liquid  produces  very 
painful  bums  on  the  skin, 
and  great  care  should  be 
taken  in  handling  it.  It 
is  somewhat  soluble  in 
water,  and  such  a  solution 
is  commonly  called  bromine  water.  Like  the  aqueous  solution 
of  chlorine,  it  is  an  oxidizing  agent. 

Bromine  is  not  quite  so  active  as  chlorine  but  combines 
readily  with  a  number  of  elements  with  the  evolution  of  much 
heat  and  light. 

320.  Hydrogen  bromide.  Hydrogen  bromide  is  a  gaseous  sub- 
stance similar  in  many  ways  to  hydrogen  chloride.  It  cannot,  how- 
ever, be  satisfactorily  prepared  by  the  same  reaction.  When  we  heat 
sodium  bromide  and  concentrated  sulfuric  acid,  we  produce  hydrogen 
bromide,  but  this  substance  is  so  readily  oxidized  by  the  warm  con- 
centrated sulfmic  acid  that  part  of  it  becomes  water  and  free  bromine : 


Fig.  191.    Laboratory  preparation  of  bromine. 


NaBr  -h  H2SO4 
2  HBr  -I-  H,S04 


NaHS04  +  HBr 
2H,0-\-^0i\  -V^^iN 
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For  thia  reason  we  use  some  other  method  when  we  wish  to  prepare 
hydrogen  bromide.  One  way  is  to  treat  a  mixture  of  red  phoaphorua 
and  water  with  bromine.  Red  phosphorus  and  bromine  combine  to 
form  the  compound  phosphorus  tribromide  (PBri).  Thia  compound 
immediately  reacts  with  the  water,  forming  pure  hydrogen  bromide 
and  phosphorous  acid  (HiPOi)>  which  is  not  volatile: 


PBr, - 


3H,0- 


3  HBr  +  H.PO, 


Hydrogen  bromide  ia  a  colorless  gas,  very  soluble  in  water;  its 
aqueoua  aolution  is  known  as  hydrobromic  add.  Hydrobromio  add 
ia  a  atrong  acid.  It  is  much  more  easily  oxidized  to  water  and  the 
free  element  than  is  hydrochloric  acid. 

321.  Bromides.  The  salts  which  are  formed  by  neutralizing 
hydrobromic  acid  are  called  bromides.  All  bromides  are  solubU 
except  those  of  silver,  lead,  arid  meroiry.  Silver  bromide  is  a 
yellowish  solid,  used  extensively  in  photography.  The  bromides 
of  sodium  and  potassium  are  valuable  as  drugs. 


Iodine 
Iodine  in  the  form  of  iodides  occurs  to  a  small  extent  in 
certain  salt  deposits.  It  is  also  found  in  the  deposits  of  sodium 
nitrate  in  Chile.  This  is  the  principal 
source  of  the  element,  although  it  is  also 
sometimes  prepared  from  the  ash  ob- 
tained by  burning  certain  seaweeds. 

322.  Preparation  and  properties.  Io- 
dine is  prepared  in  exactly  the  same 
way  as  bromine  and  chlorine. 

The  preparation  of  iodine  can  be  conven- 
iently carried  out  by  warming  a  mixttire  of 
mai^aneae  dioxide,  sulfuric  acid,  and  sodium 
iodide   in    an  evaporating    dish  on  top  of 

F^.  19a.  Uborttoir  prep-  ^jjich  ia  placed  a  dish  contoining  cold  water. 
The  iodine  vaporizes  and  condenses  on  the 

under  side  of  the  top  dish,   forming  a  maas   of   beautiful  (nystals 

(Fig.  192). 
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Iodine  is  a  steel-gray  solid  which  is  very  easily  vaporized. 
The  vapor  has  a  beautiful  violet  color  and  on  being  cooled 
passes  back  directly  into  a  solid.  This  process  of  passing 
from  solid  to  vapor  and  back  again  without  the  formation 
of  a  Uquid  is  called  sublimation.  Iodine  is  only  sUghtly  soluble 
in  water  but  is  quite  soluble  in  a  solution  of  sodium  or  potassimn 
iodides.  It  is  also  soluble  in  alcohol  and  is  conunonly  sold  in 
such  a  solution  as  tincture  of  iodine. 

Iodine  is  less  active  than  either  of  the  other  two  halogens 
that  we  have  considered;  however,  it  will  combine  directly 
with  many  nonmetals  at  room  temperature  or  when  slightly 
warmed. 

A  very  characteristic  reaction  of  iodine  is  the  formation  of 
a  blue  color  when  a  small  amount  is  brought  into  contact  with 
starch.  This  reaction  is  employed  as  a  test  for  either  iodine  or 
starch, 

323.  Hydrogen  iodide.  Hydrogen  iodide  cannot  be  prepared  by 
heating  sodium  iodide  and  sulfuric  acid,  for  the  same  reason  that  this 
general  method  was  impossible  with  hydrobromic  acid.  It  is  produced 
by  the  interaction  of  red  phosphorus,  iodine,  and  water.  Hydrogen 
iodide  readily  dissolves  in  water  and  forms  the  solution  called  hydriodic 
acid.  This  acid  is  even  more  easily  oxidized  than  hydrobromic  acid 
and  is  therefore  a  good  reducing  agent.  It  is  a  strong  acid  and  on 
neutralization  forms  salts  called  iodides. 

324.  Iodides.  All  iodides  except  those  of  silvery  leady  and 
mercury  are  soluble  compounds.  Silver  iodide  is  a  yellow,  in- 
soluble substance,  and  like  silver  bromide  is  used  in  photography. 
Certain  iodides  are  necessary  in  the  preparation  of  drugs; 
iodine  itself  is  used  in  medicine. 

326.  The  replacement  of  halogens.  If  we  pass  chlorine  into 
a  solution  of  a  bromide  or  an  iodide,  we  find  that  free  bromine 
or  iodine  respectively  is  liberated  and  a  chloride  formed.  This 
is  a  replacement  reaction  and  is  like  the  reaction  in  which 
metallic  zinc  liberated  hydrogen  from  Ibe  Yvy^Lto^uVotL,  ^-^^^fc^^ 
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that  we  are  now  dealing  with  negative  ions : 

CI2  +  2  Br-  — ^  2  CI-  +  Bra 
CI2  +  21-  — ^  2  CI-  +  I2 

Bromine  will  liberate  iodine  from  the  iodide ;  but  iodine  will 
liberate  neither  bromine  nor  chlorine  from  their  salts.  We 
can  therefore  write  these  three  elements  as  a  series  in  which  the 
higher  member  will  Uberate  any  element  below  it  from  its  ion. 

RbAiAcement  Series 

OF  N0NMETAL8        rpj^  ^^j^jg  ^^  indicates  the  order  of  activity 
Chlorine  ^j  these  nonmetals,   that   is,   chlorine  is 

Bromme  most  active  and  iodine  is  least. 

Iodine 

Since  chlorine  is  cheap  and  is  easily  obtained  it  is  sometimes 
used  to  liberate  bromine  or  iodine  from  a  solution  of  its  salts  and 
in  this  way  to  prepare  the  free  elements  on  a  large  scale. 

Fluorine 

The  fourth  meinber  of  the  halogen  family  differs  somewhat 
from  the  others.  This  difference  is  more  apparent  than  real 
and  is  due  mainly  to  the  fact  that  fluorine  is  itself  far  mme 
active  than  the  other  halogens  and  that  its  compounds  are  much 
more  stable.  Fluorine  occurs  as  a  constituent  of  one  or  two 
important  minerals,  of  which  fluorite  (CaF2)  and  cryolite 
(NasAlFe)  may  be  mentioned.  The  former  is  used  as  the  chief 
source  of  fluorine  and  its  compounds.  Fluorine  compounds 
are  somewhat  poisonous  and  are  used  in  large  amounts  in  the 
manufacture  of  insect  powders. 

326.  Preparation  and  properties.  Fluorine  is  a  slightly 
yellow  gas,  extremely  poisonous  and  corrosive,  and  is  very 
difficult  to  Uquefy.  It  is  the  most  active  element  known  and 
at  ordinary  temperatures  combines  vigorously  with  most  of 
the  elements.  Fluorine  can  be  prepared  only  with  diflSculty. 
A  French  chemist,  Moisson,  in  1886  first  isolated  it  by  the 
electrolysis  of  a  solution  of  potassium  fluoride  (KF)  in  liquid 
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hydrogen  fluoride  (H2F2).  The  experiment  had  to  be  per- 
formed in  platinum  or  copper  apparatus  as  all  other  materials 
were  attacked  by  the  gas. 

327.  Hydrogen  fluoride.  Hydrogen  fluoride  can  be  prepared 
by  the  action  of  concentrated  sulfuric  acid  on  calcium  fluoride : 

CaFa  +  H2SO4  — ^  CaS04  +  H2F2 

It  is  a  gas  which  is  very  soluble  in  water,  forming  an  acid 
called  hydrofluoric   acid.     Hydrogen   fluoride   is  much    more 
stable  than  hydrogen  chloride  and  cannot  be  oxidized  at  all. 
It  is  easily  condensed  to  a  liquid,  which 
boils  at  19°  C. 

Hydrofluoric  acid  is  a  strong  acid 
and  forms  salts  called  fluorides.  It  is 
noteworthy  because  it  will  dissolve  a  ^^«-  'w-   ^**^^«  ^!f^  ^*^ 

•^  .11.  hydrofluonc  acid. 

great  many  substances,  mcludmg  sand 

(Si02)  and  glass.  For  this  reason  it  is  kept  in  wax  bottles. 
Its  action  with  sand  results  in  the  formation  of  the  gas  silicon 
tetrafluoride  (SiF4)  and  water : 

SiOa  +  2  H2F2  — ^  SiF4  +  2  H2O 

The  action  with  glass  takes  place  in  much  the  same  way  since 
glass  is  a  compoimd  of  sihcon.  This  action  of  hydrofluoric 
acid  on  glass  is  taken  advantage  of  in  etching  designs  on  that 
material.  The  glass  is  painted  over  with  wax  except  where 
it  is  desired  to  have  it  etched,  and  hydrofluoric  acid  is  applied 
(Fig.  193).  After  a  time  the  acid  is  washed  off  and  the  wax 
removed ;  the  glass  is  opaque  where  the  acid  has  come  in  con- 
tact with  it. 

328.  Comparison  of  the  halogens.  The  following  table  summar 
rizes  the  important  physical  and  chemical  properties  of  the  halogen 
family,  the  elements  being  arranged  in  the  order  of  their  atomic  weights. 
It  shoidd  be  remembered  that  the  activity  of  these  elements  decreases 
progressively  from  fluorine  to  iodine,  and  that  the  stability  of  the 
hydrogen  compounds  decreases  in  the  same  order.  This  is  also  the 
order  in  which  they  replace  each  other.     ¥Vvxot\xl^  \%  ^^  ^a>5);s^  *Qga^4 
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it  replaces  the  oxygen  of  water.  Because  of  this  extreme  activity 
it  is  to  be  regarded  somewhat  in  the  light  of  an  odd  member  of  the 
series ;  although  its  behavior  seems  more  normal  when  we  realize  that 
it  stands  above  chlorine  in  the  family,  and  hence  should  be  more  active 
than  even  this  active  element. 


Namb 

Atobhc 
Weight 

BOILXNQ 

Point 

Static 

COLOB 

Fluorine  (F) 
Chlorine  (CI) 
Bromine  (Br) 
Iodine  (I) 

19.0 

35.5 

79.9 

126.9 

-  187°  C. 

-  33.6° 
63° 

184.4° 

gas 
gas 
liquid 
solid 

pale  yellow 
greenish  yellow 
red 
purplish  black 

SUMMARY   OF   CHAPTER   XXVI 

FLUORINE,  CHLORINE,  BROMINE,  AND  IODINE  are 
all  monovalent,  nonmetallic  elements  and  are  called  the  halogens. 

CHLORINE  is  prepared  industrially  by  the  electrolysis  of 
sodium  chloride.  It  is  prepared  in  the  laboratory  by  the  oxida- 
tion of  hydrochloric  acid  with  manganese  dioxide. 

Chlorine  is  a  very  active  element  and  combines  with  many 
elements  at  room  temperature.  It  is  somewhat  soluble  in  water, 
and  its  water  solution  contains  hypochlorous  acid,  which  is  an 
oxidizing  agent.  Chlorine  is  used  for  preparing  solutions  of  this 
acid  and  of  its  salts.  The  salts  are  used  extensively  in  the  indus- 
tries. 

BROMINE  is  prepared  from  a  bromide  by  heating  with  man- 
ganese dioxide  and  concentrated  sulfuric  acid.  It  is  a  liquid. 
It  is  somewhat  less  active  than  chlorine. 

Hydrobromic  acid  is  not  made  by  the  action  of  sulfuric  acid  on 
a  bromide,  but  is  best  prepared  by  adding  water  to  phosphorus 
tribromide. 

IODINE  is  prepared  from  an  iodide  by  heating  with  manganese 
dioxide  and  concentrated  sulfuric  acid.  It  is  a  solid  which  sub- 
limes on  heating. 

Hydriodic  acid  is  a  good  reducing  agent.  It  cannot  be  prepared 
from  an  iodide  with  sulfuric  acid. 
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FLUORINE  is  an  extremely  active  element.  It  is  prepared 
by  electrolysis  in  a  special  apparatus.  Hydrofluoric  acid  is  made 
by  heating  calcium  fluoride  with  sulfuric  acid.  It  will  dissolve 
sand  and  glass. 

Chlorine  will  replace  bromine  and  iodine  from  their  salts; 
bromine  will  replace  iodine;  fluorine  is  so  active  that  it  replaces 
the  oxygen  from  water. 

Questions  and  Problems 

1.  What  properties  have  all  the  halogens  in  common? 

2.  How  could  you  distinguish  bromine  vapor  from  nitrogen  diox- 
ide? 

3.  How  could  you  identify  a  chloride,  a  bromide,  and  an  iodide? 

4.  Write  the  equations  for  the  reaction  of  chlorine  with  hydrogen ; 
with  zinc ;  and  with  antimony. 

5.  How  do  you  account  for  the  smell  of  hydrogen  sulfide  which  is 
produced  when  concentrated  sulfuric  acid  is  added  to  an  iodide? 

6.  How  would  you  test  for  free  iodine  ? 

7.  What  precautions  must  be  taken  in  handling  hydrofluoric 
acid? 

8.  How  would  you  prove  the  presence  of  starch  in  beans  ? 

9.  How  many  kilograms  of  sodium  chloride  would  be  required 
to  prepare  2  liters  of  chlorine  gas  at  .20°  C.  and  under  a  pressure  of  5 
atmospheres  ? 

10.  Calculate  the  per  cent  of  fluorine  in  fluorspar  (CaF^). 

11.  How  would  you  separate  a  mixture  of  iron  and  iodine? 

12.  A  compound  contains  2.1  %  hydrogen,  12.8%  carbon,  and  85.1  % 
bromine.  At  140°  C.  and  76  cm.,  1.00  gram  of  its  vapor  occupies  180  cc. 
Calculate  its  formula. 

Topic  for  Further  Study 

Poison  gas  in  the  World  War.  What  gas  was  first  used  in  the  war? 
When  and  where  was  the  attack  made?  What  other  gases  were  sub- 
sequently used?  In  what  form?  (Slo88on*8  Creative  Chemistry  and 
Avid* 8  Qb/s  and  Plame.) 


CHAPTER  XXVII 

HYPOCHLOROUS  ACID  AND  OTHER  OXIDIZING 

SUBSTANCES 

Hypochlorous  acid  —  properties  —  oxidizing  action  — 
chlorine  water  —  hypochlorites  —  bleaching  —  disinfecting 
and  antiseptic  action.  Hydrogen  peroxide,  preparation  and 
properties  —  peroxides  —  ozone. 

329.  Oxidizing  substances.  The  most  important  use  of 
chlorine  is  in  the  preparation  of  dilute  solutions  of  hjrpochlorous 
acid  (HOCl)  and  its  salts.  These  substances  are  of  the  greatest 
value  because  they  are  cheap  and  ejfficient  oxidizing  agents  in 
aqueous  solutions  and  serve  as  bleaching  agents  and  antiseptics. 
In  this  chapter  we  shall  learn  how  hypochlorous  acid  and  some 
other  oxidizing  agents,  such  as  hydrogen  peroxide  and  ozone, 
may  be  prepared  and  used. 

330.  Hypochlorous  acid  (HOCl).  Chlorine  water  contains, 
besides  the  dissolved  chlorine,  some  hydrochloric  acid  and 
hypochlorous  acid.  The  reaction  between  water  and  chlorine 
which  forms  these  two  acids  is  reversible : 

CI2  +  H2O  :=^^  HCl  +  HOCl 

In  order  to  prei>are  a  solution  of  pure  hypochlorous  acid,  we  treat 
chlorine  water  with  some  substance  which  will  use  up  the  hydrochloric 
acid  and  leave  no  other  impurities  in  its  place.  This  can  be  done  by 
shaking  chlorine  water  with  silver  carhonate  (AgzCOa),  a  substance 
which  is  practically  insoluhle  in  water.  This  reacts  with  the  hydro- 
(^oric  acid,  forming  water,  silver  chloride,  and  carbon  dioxide.  The 
silver  chloride  is  insoluble,  and  this  reaction  runs  to  completion ;  and 
therefore,  also,  the  reaction  between  chlorine  and  water.  Hypochlo- 
rous acid  is  a  very  weak  acid  and  hence  does  not  react  with  the  silver 
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carbonate.  We  thus  end  with  a  dilute  solution  of  hypoehlorous 
acid  containing  silver  chloride  in  suspension.  The  silver  chloride 
can  be  filtered  off. 

2  HCl  +  AgaCO,  — >-  2  Aga  +  H,0  -f  CO,  t 
2  CI2  -h  2  H2O  -h  AgaCOs  — ^  2  HOCl  +  2  AgCl  i  -f  H,0  +  CO2 1 

331.  Properties.  Hypoehlorous  acid  is  known  only  in  solu- 
tion. The  dilute  solution  prepared  in  the  way  just  described 
shows  the  properties  of  a  weak  acid.  It  is  an  extremely  unstable 
substance  and  tends  to  decompose,  forming  hydrochloric  acid 
and  oxygen  according  to  the  following  equation : 

2  HOCl  — >-  2  HCl  +  O2 

Because  of  this  instability  hypoehlorous  acid  cannot  exist  in 
concentrated  solutions. 

332.  Oxidizing  action.  Because  hypoehlorous  acid  so  readily 
loses  its  oxygen,  it  is  a  powerful  oxidizing  agent  even  in  a  dilute 
solution.  For  example,  it  rapidly  oxidizes  sulfurous  acid  to 
sulfuric  acid : 

H2SO8  +  HOCl  — ^  H2SO4  +  HCl 

It  will  also  oxidize  many  complicated  organic  compoimds.  It 
will  oxidize  hydrogen  sulfide  to  water  and  free  sulfur : 

H2S  +  HOCl  -^  H2O  +  HCl  +  Si 

333.  Chlorine  water.  Pure  dilute  hypoehlorous  acid  is.rather 
expensive  to  prepare.  For  almost  any  purpose  chlorine  water 
will  serve  equally  well  since  the  presence  of  hydrochloric  acid 
in  the  solution  does  no  harm.  As  fast  as  the  hypoehlorous 
acid  is  used  up  by  a  reducing  agent,  more  of  the  dissolved 
chlorine  reacts  with  the  water  and  produces  additional  hypo- 
ehlorous acid,  until  finally  all  the  dissolved  chlorine  has  been 
used  up  and  converted  into  hydrochlonc  acid* 
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The  slow  deoomposition  of  hypochlorous  acid  with  the  formation 
of  free  oxygen  can  be  shown  by  filling  a  tube  with  chlorine  water  and 
allowing  it  to  stand  in  the  sunlight.  A  gas  which  can  be  shown  to 
be  oxygen  collects  in  the  top  of  the  tube  (Fig.  194) : 

2  CI2  -h  2  H2O  — >-  4  HCl  -h  0, 

The  oxidizing  action  of  chlorine  water  can  be  demonstrated  by 
treating  a  solution  of  sulfur  dioxide  with  chlorine  water.     The  sid- 

furous  acid  solution  before  such  treatmen:t  will 
not  give  a  precipitate  with  barium  chloride  in 
the  presence  of  hydrochloric  acid ;  but  after 
it  has  been  oxidized  with  the  chlorine  water 
a  heavy  precipitate  is  formed,  showing  the 
0\  presence  of  sulfuric  acid  : 


H=E^' 


.1 


Cla-fHzO-fHzSOs 


H2SO4  +  2  HCl 


A  solution  of  hydrogen  sulfide  in  water 
forms  a  precipitate  of  sulfur  on  being  treated 
with  chlorine  water,  indicating  that  the  oxi- 
dation has  taken  place : 


CI2  -h  H2O  +  H2S 


H20  +  2HCl-fSi 


334.  Hjrpochlorites.  The  salts  of  hypo- 
chlorous  acid   are   called  hypochlorites. 
They   can   be    prepared    by   neutraliz- 
ing  hypochlorous    acid,   but    they  are 
Fig.  194.    Chlorine  water  more   conveniently   produced  by   other 

decomposes  in  sunUght.      j^ethods. 

Sodium  hypochlorite  (NaOCl)  is  formed  when  chlorine  is  run  into 
a  cold  dilute  solution  of  sodium  hydroxide : 


CI2  -f  2  NaOH 


NaOCl  -h  NaCl  -f  HjO 


What  really  happens  in  this  case  is  that  the  sodium  hydroxide  neu- 
tralizes both  the  hypochlorous  acid  and  the  hydrochloric  acid,  which 
are  in  equilibrium  with  chlorine  and  water.  Soditim  hypochlorite 
can  also  be  prepared  by  electrolyzing  a  solution  of  sodium  chloride  in 
a  single  narrow  cell  without  a  diaphragm.  Chlorine  is  liberated  at 
one  pole,  and  sodium  hydroxide  is  formed  at  the  other.  The  two  sub- 
stances come  in  contact  and  form  sodium  hypochlorite.  In  both 
these  methods  for  the  preparation  of  sodiimi  hypochlorites  it  will  be 
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noted  that  a  dilute  solution  of  the  hypochlorite  is  formed  which  eon- 
tains  considerable  sodium  chloride,  but  the  presence  of  this  latter 
substance  does  not  interfere  with  the  usefulness  of  the  hypochlorite. 

The  hypochlorites  are  unstable  substances.  On  account  of 
this  instability  they  are  always  prepared  and  used  in  cold 
dilute  solutions.  On  being  warmed  or  on  long  standing  they 
oxidize  themselves  into  compounds  containing  more  oxygen, 
caUed  chlorates.  Sodium  hypochlorite  solution,  for  example, 
on  heating  gives  sodium  chloride  and  sodium  chlorate  (NaClOa) : 

3  NaOCl  — ^  2  NaCl  +  NaClOs 

Potassium  chlorate  we  have  already  used ;  it  is  made  by  the 
action  of  chlorine  on  warm  potassium  hydroxide. 

335.  Bleaching  powder  (CaCl(OCl) ) .    This  substance  is  made 

by  the  action  of  chlorine  on  slaked  lime.     It  is  a  -white  powder 

which  is  rather  imstable  and  smells  strongly  of  hypochlorous  acid. 

Pure  calcium  hypochlorite  would  have  the  formula  Ca(0Cl)2. 

Bleaching  powder  acts  very  much  Uke  a  mixed  salt  of  calcium 

/OCl 
chloride  and  calcium  hypochlorite,  and  has  the  formula  Ca/ 

or  CaCl(OCl) :  CI 

OCX 
Ca(0H)2  +  CI2  — ^  Ca<         +  H2O 

^Cl 

Bleaching  powder,  or  "  chloride  of  lime,"  serves  as  a  com- 
mercial source  of  hypochlorous  acid  since  lime  is  a  cheap 
base.     (See  Industrial  Chart  on  page  205.) 

336.  Bleaching.  Hypochlorous  acid  is  a  powerful  bleaching 
agent;  this  is  the  most  important  use  to  which  it  and  its 
salts  are  put.  Most  coloring  materials  are  compUcated  or- 
gamc  substances  which  can  be  oxidized  into  colorless  com- 
pounds. The  oxidation  is  very  readily  accomplished  by  a 
dilute  solution  of  hypochlorous  acid,  which  sets  free  nascent 

oxygen : 

HOCl  — ^  HCl  +  tO\ 
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This  action  can  easily  be  shown  by  dipping  a  piece  of  colored 
cloth  in  chlorine  water  or  by  suspending  a  piece  of  moistened 
cloth  in  an  atmosphere  of  chlorine  (Fig.  195).  Dry  chlorine 
has  no  oxidizing  action^  for  it  cannot  fonn  hypochlorous  acid. 

Bleaching  is  a  very  important  process  in  a  great  number  of  indus- 
tjries.     For  example,  most  fabrics,  such  as  cotton  cloth,  are  colored 

slightly  yellow  by  natural  im- 
purities and  must  be  bleached 
before  they  can  be  put  on  the 
market.  Figure  196  shows  the 
general  scheme  for  bleaching 
cloth.  The  cloth  passes  through 
alternate  vats  of  bleach  (B) 
solution  and  very  dilute  sul- 
furic acid  (/S).  In  this  way 
the  hypochlorous  acid  is  pro- 
duced only  within  the  fibers  of 
the  cloth,  where  it  will  be 
most  effective.  Then  it  goes 
through  a  solution  of  sodiimi 
sulfite  (C)  to  destroy  any  re- 


A  B  C 

Fig.  195.    Bleaching  colored  cloth. 

Ay  dil.  HaS04 ;  B,  sol.  of  bleaching  powder ; 

C,  HjO. 


maining  hyi)oohlorous  acid  which  might  weaken  it.    Finally  the  cloth 
is  washed  in  water  {W)  and  ironed  by  passing  over  hot  rolls  (H). 

Bleaching  with  hypochlorous  acid  is  generally  carried  out  in  in- 
dustrial works  in  one  of  the  following  ways:  (1)  chlorine  water  is 
prepared  by  running  chlorine  gas  into  cold  water,  and  this  solution 
is  used  directly;  (2)  sodium  hypochlorite  prepared  by  electrolysis 
or  from  chlorine  gas  and  an  alkali  is  used ;  (3)  a  suspension  of  bleach- 
ing powder  in  water  is  used.  This  latter  method  is  the  one  commonly 
employed  in  the  household.  Fabrics  must  be  thoroughly  washed 
after  being  bleached  in  order  to  remove  the  chemicals,  which  would 
otherwise  slowly  rot  the  cloth. 

Since  hypochlorous  acid  is  very  weak  it  is  easily  displaced 
from  its  salts  by  other  acids.  When  a  hypochlorite  is  treated 
with  dilute  acid,  a  solution  of  hypochlorous  acid  results,  which 
can  then  act  as  a  bleaching  agent.  In  the  commercial  use  of 
the  hypochlorites  this  is  accomplished,  as  described  above,  by 
treating  the  material  to  be  bleached  first  with  the  hypochlorite 
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and  then  with  dilute  scid.  When  "  bleaching  powder  "  is  used 
in  the  household,  the  acid  required  is  slowly  supplied  by  carbon 
dioxide  in  the  air.    The  equations  are : 

CaCUOCl)  +  COj  +  H,0  -^*-  CaCOa  +  HOCl  +  HCl 

HOCl  — *-  HCl  +  [0]  used  up  in  the  bleaching. 

337.  Dianfecting  and  antiseptic  action.  Diseases  are  caused 
and  communicated  by  certain  minute  plants  called  bacteria. 
These  microorganisms  are  generally  present  where  there  is 
much  waste  organic  material.     Hypochlorites  readily  oxidize 
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such  organic  material  and  destroy  the  bacteria.  For  this 
reason  "  chloride  of  lime  "  has  long  been  used  in  the  household 
as  a  disinfectant.  More  recently  a  solution  of  sodium  hypo- 
chlorite (prepared  by  the  electrolysis  of  salt  solution)  has  come 
'  into  use  for  washing  the  floors  and  walls  in  hospitals  and  sick 
rooms. 

Hypochlorous  acid  has  recently  been  used  as  an  antiseptic 
agent  in  surgery.  Because  of  the  sensitiveness  of  flesh  to 
chemical  reagents  it  must  be  employed  only  in  very  dilute 
solutions  and  under  certain  special  conditions.  Dakin'e  solu- 
tion, which  has  been  found  most  valuable  in  dressing  wounds, 
is  essentially  a  solution  of  sodium  hypochlorite,  containing 
from  0.45  to  0.5  per  cent  of  this  substance.  The  solution  must 
be  made  in  such  a  way  that  it  is  practically  neutral ;  if  it 
were  either  alkaline  or  acid  it  would  be  Vio  wuQ^'iNei  "■■(!&.  ^>». 


332 


UYPOCHWROUS  ACID 


Open  wound.  Furthermore,  it  is  used  most  advantageously 
when  the  patient  can  be  so  arranged  that  a  stream  of  the 
solution  continually  passes  into  the  wound  and  washes  it  out. 
The  bacteria  which  are  present  in  drinking  water  can  readily 
be  destroyed  by  hypochlo- 
rouB  acid.  This  is  usually 
done  by  adding  a  small 
amount  of  a  hypochlorite 
solution,  or  by  running  a 
small  stream  of  chlorine 
gas  from  steel  cylinders 
containing  liquefied  chlo- 
rine into  the  water  supply 
(Fig.  197).  About  one  part 
of  hypochlorous  acid  in  a 
million  parts  of  water  will 
completely  purify  all  except 
the  most  polluted  supplies. 
This  method  of  purification 
has  been  adopted  by  many 
cities  and  towns. 
338.  Hydrogen  peroxide  (H^Oj).  Another  oxidizing  agent 
of  importance  is  hydrogen  peroxide.  This  substance  contains 
one  more  atom  of  oxygen  than  water.  It  is  unstable  and  easily 
decomposes,  giving  water  and  free  oxygen ;  for  this  reason  it 
is  a  powerful  oxidizing  agent. 

When  sodium  peroxide  is  treated  with  ice-cold  diltUe  hy- 
drochlorie  add,  it  forms  hydrogen  peroxide  and  sodium 
chloride : 

NasO,  +  2  HCl  — »-  2  NaCl  +  H,Oj 


Purification  of  water  bj  chlorine. 


Industrially  the  substance  is  made  by  the  action  of  cold  dilute 
sulfuric  acid  on  barium  peroxide : 


BaO,  +  H^04  - 


-  BaSO,  +  H,0, 
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The  barium  sulfate  is  insoluble  and  can  be  removed  by  filtra- 
tion. 

339.  Properties  and  uses.  Hydrogen  peroxide  can  be  pre- 
pared as  an  absolutely  pure  substance,  but  it  is  extremely 
unstable  and  is  never  used  except  in  dilute  solutions.  It  is 
commonly  sold  cs  a  three  per  cent  solution  under  the  name  of 
hydrogen  peroxide.  It  is  a  vigorous  oxidizing  agent  and  will 
oxidize  sulfurcus  acid  to  sulfuric  and  liberate  free  sulfur  from 
hydrogen  sulfide.    On  standing,  strong  solutions  of  it  Uberate 

oxygen :  ^  H2O2  — >^  2  H2O  +  O2 

It  is  used  extensively  as  a  disinfecting  and  antiseptic  ag0nt. 
It  has  certain  antiseptic  powers,  but  they  are  extremely  small 
compared  with  other  good  antiseptics.  But  it  has  the  valuable 
property  of  giving  off  free  oxygen  when  it  comes  in  contact 
with  open  wounds,  and  the  mechanical  action  of  this  evolved 
gas  serves  to  cleanse  the  wound  and  to  remove  any  foreign 
material.  For  this  reason  hydrogen  peroxide  is  valuable  in 
cleaning  old  wounds  and  in  removing  gauze  and  bandages. 

340.  Peroxides.  The  atoms  in  hydrogen  peroxide  are  probably 
linked  in  the  following  manner:  H — 0 — O — H.  The  peroxides  are 
substances  which  have  two  oxygen  atoms  linked  in  this  way;  when 
treated  with  acids  they  form  hydrogen  peroxide.  Like  hydrogen 
peroxide  they  are  strong  oxidizing  agents  in  aqueous  solution.  Soditlm 
peroxide,  when  treated  with  water  at  ordinary  temperatures,  forms 
oxygen  and  is  sometimes  used  for  preparing  this  element : 

2  NasOi  +  2  H2O — >-4  NaOH  -h  O2 

341.  Ozone  (O3).  When  oxygen  is  exposed  to  a  silent  dis- 
charge from  an  induction  coil,  it  partially  changes  into  an 
allotropic  form  called  ozone.  This  substance  has  three  atoms 
to  the  molecule ;  its  formation  from  oxygen  is  reversible,  and 
the  equation  is  as  folows : 
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^^, 


At  the  maximum  only  about  7  per  cent  of  oxygen  can  be  eon- 
verted  into  ozone  (Fig.  198).  Its  formation  from  oxygen  involves 
an  abeorption  of  energy ;  conversely,  when  it  passes  back  into 
oxygen,  it  gives  out  energy.  In  general,  allotropic  forms  of 
elements  have  different  energy  contents, 
and  the  unstable  form  tends  to  pass  into 
the  more  stable  with  the  evolution  of 
energy. 

Ozone  reverts  to  oxygen  slowly  at  ordi- 
nary temperatures  and  rapidly  at  higher 
temperatures.  It  is  a  vigorous  oxidizing 
agent  and  will  instantly  oxidize  sulfur  di- 
oxide to  sulfur  trioxide  at  room  tempera- 
ture: 

SOa  -I-  Oa  — >■  SO3  +  O2 

It  will  also  oxidize  many  organic  com- 
pounds, and  for  this  reason  it  is  a  bleach- 
ing agent.  Air  containing  4  or  5  per  cent 
of  ozone  (prepared  by  an  electric  dis- 
charge) has  been  used  in  some  places  for 
disinfecting  the  water  supply.  It  seems 
to  act  in  a  very  satisfactory  manner.  It 
has  been  suggested  as  a  means  of  puri- 
fying air  in  houses  and  large  halls,  but  has 

not  given  very  successful  results :   it  is  a  deodorizer  but  has 

very  slight  disinfecting  action  in  the  air. 


Kg.  198.    Ozone   genei^   ^ 


SUMMARY   OF  CHAPTER   XXVn 

CHLORINE  WATER  contains  dissolved  chlorine  and  hydrochlo- 
ric and  hypocMorous  acids. 

Pure  dilute  hypochlorous  acid  can  be  made  by  shaking  chlorine 
water  with  silver  carbonate.  Hypochlorous  acid  is  known  only 
in  solution;  it  is  unstable,  breaking  down  into  hydrochloric  acid 
iuid  oxygen.    It  is  a  powerful  ozidi^ng  agent 
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SODIUM  HYPOCHLORITE  is  made  by  passing  chlorine  into 
cold  sodium  hydroxide  or  by  electrolyzing  sodium  chloride.  So- 
dium hypochlorite  when  warmed  produces  sodium  chlorate. 

BLEACHING  POWDER,  or  chloride  of  limey  is  made  by  the 
action  of  chlorine  on  slaked  lime.  It  acts  like  a  mixed  salt 
(CaCl(OCl)). 

THE  HYPOCHLORITES  AND  HYPOCHLOROUS  ACID 
are  excellent  bleaching  agents  and  are  used  as  such  in  the  in- 
dustries. 

H3rpochlorous  acid  is  a  disinfecting  and  antiseptic  agent  and  is 
used  in  purifying  drinking  water.  Chloride  of  lime  is  used  as  a 
disinfecting  agent.  Dakin^s  solution  is  one  of  the  successful 
modem  antiseptics  which  depend  on  hypochlorous  acid  for  their 
action. 

HYDROGEN  PEROXIDE  is  made  by  treating  sodium  peroxide 
or  barium  peroxide  with  cold  dilute  acid.  It  is  an  unstable  sub- 
stance and  a  powerful  oxidizing  agent.  It  is  sold  in  a  three  per 
cent  solution.  Its  antiseptic  action  is  slight,  but  it  is  used  for 
cleaning  wounds. 

OZONE  is  an  allotropic  form  of  oxygen  produced  by  the  action 
of  a  silent  electric  discharge.  It  is  unstable  and  is  a  powerful 
oxidizing  agent.  It  is  used  in  some  places  for  purifying  the  water 
supply. 

Questions 

1.  Explain  how  chlorine  is  indirectly  used  in  bleaching  cotton 
cloth. 

2.  Why  is  the  bleaching  of  organic  coloring  matter  considered  a 
process  of  oxidation  ? 

3.  Why  does  not  dry  chlorine  act  as  a  bleaching  agent? 

4.  What  is  the  difference  between  hydrochloric  acid  and  hypo- 
chlorous  acid?     How  would  you  test  for  each? 

5.  What  materials  are  injiu-ed  by  hypochlorous  acid  ? 

6.  Explain  how  chlorine  reacts  with  water  to  produce  nascent 
oxygen. 

7.  What  experiment  could  you  perform  in  order  to  prove  that 
hyi)Ochlorous  acid  is  a  weak  acid  ? 

8.  Why  must  chlorine  water  always  be  ttea^A^  ^T«^«t^^1 
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9.  If  bleaching  is  an  oxidizing  action,  why  is  free  oi^gen  not 
used? 

10.  What  advantages  has  hydrogen  i)eroxide'over  other  oxidizing 
agents? 

11.  What  is  the  difference  between  oxygen  and  ozone? 

12.  Explain  how  hydrogen  x>eroxide  produces  "  nascent  oxygen." 

13.  Show  how  oxygen  and  ozone  illustrate  exothermic  and  endo- 
thermio  reactions. 

14.  Show  how  water  and  hydrogen  x>eroxide  illustrate  the  Law 
of  Multiple  Proportions. 

15.  Why  should  bottles  for  hydrogen  x>eroxide  be  made  of  brown 
glass? 

16.  In  what  exx>eriments  have  we  used  manganese  dioxide  as  an 
oxidizing  agent? 

17.  Compare  sulfurous  and  h3rpochlorous  acids  as  bleaching  agents. 

18.  What  is  the  difference  between  a  disinfecting  and  an  antiseptic 
agent? 

19.  How  would  you  prepare  potassium  chlorate  from  potassium 
hydroxide? 

20.  How  would  you  prepare  "chloride  of  lime"?    For  what  is  it 
used? 


CHAPTER  XXVIII  ^ 

THE  NITROGEN  FAMILY  AND   THE  PERIODIC 

SYSTEM 

Phosphorus,  its  preparation  and  properties  —  matches  — 
phosphoric  acid  —  phosphates  as  fertilizers.  Arsenic  and 
antimony.     Bismuth.     Useful    alloys. 

The  Periodic  System  —  valence  —  metals  and  nonmetals 
—  value  and  use  of  the  periodic  system. 

342.  Family  characteristics.  We  have  already  studied  two 
families  of  elements,  the  alkaU  metals  and  the  halogens.  Now 
we  shall  consider  the  nitrogen  family,  which  includes  (besides 
nitrogen)  phosphorus,  arsenic,  antimony,  and  bismuth.  We 
shall  observe  that  there  are  greater  differences  between  its 
members  than  between  those  in  the  other  two  famiUes.  These 
differences  are,  however,  gradual  modifications  which  vary 
progressively  as  the  atomic  weights  increase.  Finally,  to 
imderstand  these  relationships  between  the  elements  con- 
cerned, we  shall  presently  briefly  outline  the  periodic  system. 
In  Chapters  VIII,  XIX,  and  XX  we  studied  nitrogen  and  some 
of  its  compoimds ;  now  we  shall  consider  the  rest  of  the  group. 

Phosphorus 

343.  History  and  occurrence.  This  element  was  discovered 
in  the  middle  of  the  seventeenth  century  by  an  old  philosopher 
(alchemist)  named  Brandt,  who  was  searching  for  some  sub- 
stance which  would  change  everything  into  gold.  But  it  was 
not  until  1833,  when  matches  began  to  be  manufactured,  that 
idiosphorus  became  at  all  common  or  cheap. 
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The  element  is  found  in  nature  in  the  form  of  phosphates. 
Bonea  and  teeth  contain  a  large  amount  of  calcium  phosphate 
(Cai{PO,),) ,  which  gives  to  them  their 
necessary  hardness  and  rigidity.  The 
muscles,  nerves,  and  brains  of  animals 
contain  very  complex  oi^nic  com- 
pounds of  phosphorus.  These  are 
formed  in  the  body  from  the  phos- 
phorus compounds  which  are  con- 
tained in  almost  all  vegetable  food. 
The  plants  in  turn  need  soluble  phos- 
phates in  the  soil  for  their  growth. 

344.  Preparation.  Phosphorus  is 
obtained  from  the  mineral  calcium 
phosphate,  which  is  mixed  with  coke 
and  sand  (SiO^)  and  heated  in  a  suit- 
able electric  furnace  (Fig.  199). 

We  may  regard  calcium  phosphate  (Ca3(P0()j)  as  composed  of  two 
oxides,  3  CaO  and  P;Oc.  The  calcium  oxide  seems  to  unite  iivith  the 
sand  to  foi'm  calcium  silicate,  which  fuses  to  a  slag  and  is  drawn  off 

at  the  bottom  ;  „  „      „  „.„ 

CaO  +  SiOi  — »-  CaSiOi 

The  phoaphorio  anhydride  (PiOe)  is  reduced  by  the  carbon  aa  follows : 

2P,O.+10C  — »-P4t  +  10COt 
These  gaseous  products  pass  off  through  a  pipe,  and  the  phosphorus 
is  oondensed  under  water.     After  further  purifieation  it  is  oast  into 
sticks. 

The  eleotrio  arc  between  the  electrodes  of  the  furnace  supplies 
the  necessary  heat.  This  heat  is  due  to  the  resistance  offered  to  the 
eleotrio  aiurent,  and  since  the  heat  is  developed  in  a  very  restricted 
area,  it  is  possible  to  get  the  high  temperatures  needed  for  this  process. 

346.  Properties.  When  prepared  in  this  way  phosphorus  is 
a  white,  waxy-looking  solid  which  melts  at  44°  C.  and  boils 
at  287°  C.  Its  most  striking  property  is  the  low  temperature 
at  which  it  catches  fire  (35°  C).    This  necessitates  its  being 
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kept  under  water  and  cut  under  water,  for  even  the  friction  of 
the  knife  is  enough  to  ignite  it.  Great  care  must  be  taken  in 
handling  it  (never  with  the  fingers)  because  the  bums  are  deep 
and  poisonous.  It  is  not  soluble  in  water  but  dissolves  readily 
in  some  other  Uquids,  such  as  carbon  disulfide. 

When  exposed  in  a  dark  room  it  glows;  that  is,  it  gives  out 
light  in  spite  of  the  fact  that  its  temperature  remains  low. 
Usually  when  an  object  gives  out  light  we  think  of  it  as  hot, 
and  in  fact- most  things  must  be  heated  to  600°  C.  or  higher 
before  they  begin  to  glow.  It  is  well  known  that  glowworms, 
Ughtning  bugs,  and  many  phosphorescent  sea  animals  have 
this  power  of  emitting  light  without  heat.  This  is  called  lumi- 
nescence. 

346.  Red  phosphorus.  When  the  white  phosphorus  is 
heated  to  about  250°  C.  in  a  vessel  from  which  air  is  excluded, 
it  changes  into  an  allotropic  form  called  red  phosphorus. 
This  substance  is  dull  red  and  is  somewhat  heavier  than  the 
white  form.  It  is  insoluble  in  carbon  disulfide,  is  not  poison- 
ous, and  need  not  be  kept  under  water.  The  red  phosphorus 
does  not  melt  but  when  heated  passes  directly  into  a  vapor. 
This  vapor  shows  a  gram-molecular  weight  of  about  128  grams, 
which  corresponds  to  the  formula  P4.  If  the  vapor  is  cooled 
quickly  the  white  form  is  produced,  but  this  very  gradually 
changes  at  ordinary  temperatures  into  the  red. 

Still  another  allotropic  form  of  phosphorus  has  recently 
been  prepared  by  Bridgman.  By  heating  white  phosphorus 
to  200°  C.  and  subjecting  it  to  an  enormous  pressure  (1200 
kilograms  per  square  centimeter),  he  obtained  black  phosphorus, 
which  is  still  heavier  than  the  red. 

347.  Matches.  The  easy  inflammability  of  phosphorus  has 
resulted  in  its  being  used  in  the  manufacture  of  matches. 
The  older  process  consisted  in  coating  the  end  of  a  splmt  of 
wood  with  a  paste  containing  white  phosphorus,  an  oxidizing 
agent,  such  as  lead  dioxide  (PbOa),  and  glue.  The  head  when 
dry  was  dipped  in  varnish  to  exclude  a\i,   ^Bfe^xiSfc  *^^  ^^sfc 
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of  white  phosphorus  in  the  making  of  matches  led  to  serious 
cases  of  poisoning  among  the  workmen,  its  use  in  match  fec- 
^-      —    -     --  .    _      _    tones  is  prevented  in  ths 

j  United  Stat«s  by  a  heavy 
tax.  A  nonpoisonous  com- 
pound of  phosphorus  known 
as  phosphorus  sesquisulfide 
(P4Sa)  is  now  substituted. 
This  substance  is  quite  as 
suitable  as  whit«  phos- 
phorus. When  the  match 
is  struck  the  friction  warms 
up  the  sesquisulfide  and  in 
the  presence  of  the  oxidiz- 
ii^  agent  it  takes  fire ;  the  heat  of  this  combustion  ignites  the 
wood.  To  make  the  head  of  the  match  bum  more  easily  it  is 
usually  impregnated  with  paraffin. 

Safety  matches  are  tipped  with  a  mixture  of  an  oxidizing 
agent,  a  combustible  material,  such  as  antimony  trisuliide 
(SbaSs),  and  a  little  powdered  glass  to  increase  the  friction. 
The  side  of  the  box  in  which  they  are  contamed  is  coated  with 
a  thin  layer  of  red  phosphorus,  antimony  trisulfide,  and  glue. 
When  the  match  is  rubbed  sufficient  heat  is  produced  to  ignite 
a  small  bit  of  the  red  phosphorus  in  contact  with  the  head  of 
the  match,  which  then  takes  fire.  In  safety  matches  the 
most  combustible  material  (tlie  red  phosphorus)  and  the 
oxidizing  agent  are  separated ;  the  match  can  generally  be 
lighted  only  v/ben  these  two  constituents  are  rubbed  together. 
Hence  safety  matches  must  be  struck  on  the  side  of  the  box. 

348.  Phosphoric  Add.  When  phosphorus  biima  with  a  free 
supply  of  oxygen,  a  white  powder  is  formed  known  as  phosphorus 
pentoxide  (PjOb)  : 

4  P  +  5  Oi  — #-  2  PjOs 

The  most  cbaiscteristic  property  of  the  pentoxide  is  its  great 
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atlxactioQ  for  water.  Since  it  has  no  chemical  effect  upon 
most  ^ses,  the  latter  may  be  very  thoroughly  dried  by  allow- 
ing them  to  pass  through 
tubes  containing  i^osphorus 
pentoxide. 

When  this  oxide  is  dis- 
solved in  boiling  water, 
I^osphoric  acid  is  formed : 
PjOs+3H»0 — »"2H3P04 

319.  Phosphates  as  fer- 
tilizers. Since  phosphoric 
acid  is  a  tribasic  acid  it 
can  form  three  classes  of 
salts,  according  as  one, 
two,  or  three  of  the  hydro- 
gen atoms  are  replaced  by 
a  metal.  The  rock  phos- 
phates of  Florida  (Fig.  200), 
Georgia,  Tennessee,  and  the  Fig.  201.  Justus  Libbw  (1803-1873). 
Carolinas  are  very  largely  German  chemist  who  established  the 'first 
composed  of  calcium  phos-         student  laboratory  and  laid  the  foun- 

phate  (Ca,{PO.)0-  Since  ^"^  '^  °"^''"  ''«^="'*""^  '^^- 
this   phosphate    is  almost 

msoluble  in  water  it  is  converted  by  the  action  of  sulfuric  acid 
into  the  calcium  dihydrogen  phosphate  (CaCHsPO*)^),  which  is 
much  more  soluble: 

Ca3(P0.)s  +  2  H^04  —>■  2  CaSO,  +  Ca{HiPO,), 

The  resulting  mixture  of  calcium  sulfate  and  calcium  acid 
phosphate  is  known  as  superphosphate  of  lime,  which  is  a 
fertilizer. 

The  composition  and  proper  use  of  fertilizers  is  one  of  the 
important  subjects  of  investigation  in  agricultural  chemistry, 
idiicfa  was  founded  by  Liebig  (Fig.  201).    We  have  aean.  &a.t 
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in  order  to  maintain  the  fertility  of  the  soil  there  must  he 
supplied  to  it  three  substances:  (1)  nitrogen  compounds,  (2) 
potassium  compounds,  and  (3)  soluble  phosphates.  Commercial 
fertilizers  are  usually  a  mixture  of  these  three  fundamental 
materials.  But  the  composition  of  the  fertilizer  has  to  be 
varied  to  suit  the  needs  of  the  crop  to  be  raised  and  the 
composition  of  the  soil.  It  frequently  happens  that  soil  needs 
liming  because  it  contains  too  much  acid  formed  from  decom- 
posing vegetable  matter.  Such  crops  as  grains  and  grass  will 
not  thrive  on  sour  soil,  and  so  it  is  sweetened  by  spreading 
slaked  lime  (Ca(0H)2)  upon  it. 

Arsenic  and  Antimony 

» 

The  next  two  members  of  the  family,  arsenic  and  antimony, 
are  of  minor  importance,  and  we  shall  consider  them  but  briefly. 
They  look  very  much  like  metals,  and  in  their  physical  properties 
they  show  little  resemblance  to  either  nitrogen  or  phosphorus. 
They  behave,  however,  essentially  as  nonmetals. 

360.  Occurrence  and  preparation.  Both  elements  occur  in 
nature  as  sulfides.  The  ore  is  roasted,  forming  an  oxide,  which 
is  then  reduced.  Most  of  the  natural  sulfides  contain  more  or 
less  arsenic ;  when  these  ores  are  oxidized,  the  sulfur  dioxide 
passes  oflf  as  a  gas,  while  the  arsenic  trioxide  (AS2O3)  settles  as 
a  solid  in  the  flues.     The  deposit  is  reduced  with  carbon : 

AS2O3  +  3  C  — ^  2  As  t  +  3  CO  t 

351.  Properties  and  uses.  Both  elements  have  a  silvery 
luster ;  arsenic  tarnishes  quickly,  but  antimony  does  not  tar- 
nish. Metallic  arsenic  is  added  in  very  small  amounts  (about 
0.5  per  cent)  to  lead  in  making  small  shot.  The  arsenic  lowers 
the  freezing  point  of  the  solvent  lead  and  delays  its  solidification 
as  it  drops  from  the  top  of  the  shot  tower.  It  also  imparts  to 
the  lead  the  required  hardness. 

Finely  powdered  antimony,  known  as  antimony  black,  is 
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used  to  coat  plaster  casts  in  order  to  give  them  a  dull  metallic 
appearance. 

When  these  elements  bum  they  form  oxides,  arsenic  triozide 
(AstOs)  and  antimony  triozide  (Sb203)  respectively.  The  arsenic 
trioxide  is  the  "  white  arsenic  "  of  commerce.  It  is  very  poisonous 
and  when  mixed  with  a  water  solution  of  a  copper  salt  it  furnishes 
a  valuable  insecticide  known  as  Paris  green.  The  oxides  are  anhy'- 
drides  of  weak  acids,  which  can  be  easily  oxidized  to  arsenic  acid 
(HsAs04)  and  antimonic  acid  (HsSb04).  In  these  higher  acids  the 
elements  have  the  valence  of  five. 

Arsenic  and  antimony  also  show  some  of  the  characteristic  proper- 
ties of  metals  in  that  they  form  certain  compoimds  which  in  water 
solution  give  a  slight  concentration  of  the  ions,  As  +++  and  Sb"*""*"*". 


Bismuth 

352.  Bismuth.  The  last  member  of  this  family  is  a  metal 
which  shows  only  a  few  nonmetalUc  properties.  It  is  not  a 
very  important  substance.  When  heated 
strongly  the  metal  bums,  forming  a  tri- 
oxide (BiaOa).  This  is  essentially  a  basic 
oxide  and  forms  salts,  such  as  bismuth 
nitrate  (Bi(N03)3).  If  this  nitrate  is  placed 
in  water  a  white  insoluble  basic  nitrate 
(BiONOs)  is  formed,  which  is  used  in 
medicine  as  "  bismuth  subnitrate." 


Fig.  303.  Fusible  plug 
of  sprinkler  sys- 
tem. 


363.  Useful  alloys  of  antimony  and  bis- 
muth. Bismuth  is  used  in  preparing  alloys  with 
very  low  melting  xx)ints.  For  example,  Wood's  metal,  which  contains 
bismuth,  lead,  tin,  and  cadmium,  melts  at  60°  C,  a  temperature  lower 
than  the  melting  point  of  any  of  the  components.  Such  alloys  are 
used  in  sprinkler  systems.  If  a  fire  breaks  out  in  a  room  provided  with 
sprinklers  plugged  with  this  alloy,  the  plug  (Fig.  202)  soon  melts  and 
allows  the  water  to  gush  out  and  extinguish  the  fire.  These  alloys  are 
also  valuable  materials  for  safety  plugs  in  steam  boilers  and  for  connecting 
links  in  devices  which  automatically  close  fire  doors  and  curtains. 

When  antimony  is  added  to  lead  and  tm,  \*\i"a  ^Jitfs^  0QXiM2w^\s^ 
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melting  them  together  is  called  type  metal.  This  has  the  prop^ty  of 
expanding  slightly  when  it  soUdifies,  which  makee  it  us^ul  in  type 
fouuding.  Babbitt  metal  contains  the  same  metals  in  a  different  ino- 
portion,  idus  a  httle  copper.  It  is  used  to  line  journal  bearings  in 
machinery.  In  such  antifriction  alloys  the  harder  particles  are  presBed 
into  the  softer  matrix  (embedding  material)  so  that  a  smooth  surface 
is  always  presented. 


The  Periodic  Systbh 

364.  Properties  of  elements  and  their  atomic  weights.  We 
have  already  pointed  out  that  the  elements  may  be  grouped 
tt^ther  into  families,  such 
as  the  halogen  family  or  the 
nitrogen  family.  The  Rus- 
sian MendelejefE  (Fig.  203) 
was  the  first  chemist  who 
clearly  showed  how  all  the 
elements  could  be  arranged 
according  to  a  definite  sys- 
tem. This  is  now  called 
the  periodic  system. 

If  we  arrange  all  the  ele- 
ments in  the  order  of  their 
atomic  weights  (omitting 
hydrogen),  we  shall  find 
that  the  eighth  and  six- 
teenth elements  are  Suorine 
and  chlorine  respectively, 
two  substances  \^ch  re- 
semble each  other  very 
closely.  This  relationship 
holds  all  throi^  the  first 
mxteen  elements ;  if  we  write  them  as  on  page  345,  we  note 
that  similar  elements  fall  in  vertical  pairs,  as,  for  example, 
jiitrogen  and  phosphorus. 


Fw.  203.    Mbndblejeit  {1834-1907). 
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He«) 
Ne(;eO) 


U(7) 


Ol(9) 


B(U) 
Al(e7) 


am 


FX31) 


0(16) 

s(se) 


F(19) 
Cl(55.5) 


We  express  the  fact  that  similar  elements  reoccur  in  the  series 
at  certain  definite  intervals  by  saying  that  the  properties  of 
the  elements  are  a  periodic  function  of  their  atomic  weights, 

355.  The  periodic  classification.  The  table  on  page  346 
shows  nearly  all  the  elements  arranged  according  to  such  a 
periodic  classification.  It  will  be  seen  that  the  elements  fall 
into  nine  general  vertical  groups,  the  first  of  which  is  called 
the  zero  group  and  the  last  the  eighth  group.  The  third 
horizontal  row  starts  with  argon  and  ends  with  three  elements, 
iron,  cobalt,  and  nickel,  which  are  placed  in  the  eighth  group. 
The  fourth  row  has  no  element  in  the  zero  group  and  is  ob- 
viously somewhat  different  from  the  previous  rows;  it  ends 
with  the  element  bromine.  The  third  and  fourth  rows  of  this 
table  taken  together  are  called  the  first  long  period ;  the  first 
and  second  rows  are  called  short  periods.  Again,  the  fifth 
and  sixth  lines  together  make  a  second  long  period ;  the  seventh 
and  eighth  make  a  long  period.  It  will  be  noticed  that  a  long 
period  has  in  the  middle  of  it  three  elements  which  are  put  to- 
gether  in  the  eighth  group;  this  seems  to  take  the  place  of  the 
empty  space  in  the  zero  group. 

We  can  show  the  relation  of  the  elements  still  better  by  dividing 
each  group  into  subgroups,  or  families,  A  and  B.  In  the  first  two 
periods  the  first  three  elements  are  put  in  group  A,  the  last  three  in  group 
B.  The  elements  which  occur  in  the  first  half  of  each  long  period  are 
placed  in  group  A;  those  in  the  second  half  in  group  B.  The  zero 
and  eighth  groups  have  no  subdivisions. 

356.  Valence.  The  first  important  fact  to  be  noted  about 
the  periodic  table  is  that  all  the  elements  which  occur  in  a  group 
have  the  same  valence  toward  a  given  element.  Below  the  group 
is  written  the  typical  formula  for  the  oxide  and  for  the  hydrogen 
compound  of  members  of  that  group.    The  elements  in.  tlsLA 
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zero  group  will  not  combine  and  may  be  considered  as  having 
a  zero  valency. 

It  will  further  be  seen  from  the  oxides  that  as  we  proceed  from 
left  to  right  along  any  period  the  valence  of  the  element  in- 
creases regularly  to  the  seventh.  These  regularities  are  very 
striking;  when  we  remember  that  this  classification  of  the 
elements  is  based  solely  on  the  position  which  they  occupy  in 
the  series  by  virtue  of  their  atomic  weights,  it  is  even  more 
extraordinary.  The  elements  which  we  are  considering  in  this 
book  are  printed  in  heavy  type  in  the  table.  The  student  may 
well  familiarize  himself  with  their  position  in  the  table. 

357.  The  nonmetals.  In  the  first  two  periods  (which  are 
short  periods)  the  members  of  groups  V,  VI,  and  VII  are  active 
ncmmetals;  the  elements  of  groups  I  and  II  are  very  active 
metals.  In  the  long  periods  the  three  middle  elements,  which 
fall  in  group  VIII,  are  all  metals  of  a  rather  inactive  sort ; 
at  the  beginning  of  the  period  are  active  metals,  and  at  the  end 
of  the  period  is  an  active  nonmetal,  such  as  bromine. 

In  order  to  see  how  valuable  this  periodic  table  is  as  a  method  of 
classification,  let  us  consider  the  groups  which  contain  the  nonmetals. 
Group  VIIB  is  the  halogen  family,  which  we  have  discussed,  in  detail 
in  an  earlier  chapter.  We  have  already  seen  that  there  is  a  gradual 
change  in  properties  as  we  proceed  down  the  group  from  fluorine  to 
iodine,  the  elements  becoming  less  active.  With  group  VIIA  we 
need  not  concern  ourselves.  Group  VIB  contains  oxygen,  sidfur, 
and  the  two  elements  selenium  and  tellurium,  which  resemble  sulfur 
very  closely.  We  have  previously  called  attention  to  the  similarity 
between  oxygen  and  sulfur. 

Group  VB  is  the  nitrogen  family,  which  we  have  just  discussed. 
Nitrogen  is  a  typical  nonmetal  having  the  valence  of  three  in  ammonia 
and  a  valence  of  five  in  the  oxide  (N2O6),  which  is  the  anhydride  of 
nitric  acid.  Phosphorus  forms  a  hydrogen  compound  with  a  formula 
PHi  and  an  acidic  oxide  with  a  formula  P2O6.  Arsenic  and  antimony 
both  form  hydrogen  compounds  with  the  formulas  AsHs  and  SbHi, 
but  these  compounds  are  much  less  stable  than  ammonia.  Arsenic 
and  antimony  also  form  acidic  oxides  in  which  the  element  has  the 
valence  of  five.     Bismuth  does  not  form  a  hydrogen  Qo\SLi^\Mwi%  \^s. 
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oxide,  in  which  it  has  the  valenoe  of  three,  is  a  basic  oxide  and  forms 
salts.  Bismuth  is  in  fact  a  typical  metal.  We  notice  in  this  group 
a  gradual  increase  in  the  metallic  properties  of  the  elements  as  we  pro- 
ceed from  nitrogen,  a  t3rpical  nonmetal,  to  bismuth,  a  typical  metal. 
As  a  general  rule,  when  we  proceed  down  a  group  the  elements  become 
less  active.  In  groups  IV,  V,  VI,  and  VII  this  loss  of  activity  is  ac- 
companied by  a  gain  in  metallic  properties;  the  oxides  become  less 
acidic  and  more  basic. 

358.  The  metals.  The  very  active  metals  sodiimi  and 
potassium  we  find  together  in  group  lA.  The  less  important 
elements  lithium  and  rubidium  resemble  them  closely.  These 
metals  form  oxides  which  combine  with  water,  giving  very 
strong  bases.  We  have  already  considered  the  close  resem- 
blance in  this  group  between  sodimn  and  potassimn.  The 
elements  which  lie  in  IB  and  in  group  VIII  are  also  metals, 
but  of  a  different  sort ;  they  are  not  so  active  and  their  hy- 
droxides are  weak  bases. 

In  general,  we  may  sum  up  by  saying  that  in  the  periodic 
system  the  most  active  metals  are  at  the  top  and  to  the  left;  the 
most  active  nonmstals  to  the  top  and  to  the  right.  Certain  rather 
inactive  metals  lie  in  the  middle  of  the  long  period  and  are  found 
in  groups  VIII  and  IB.  As  we  proceed  down  any  group  the 
elements  become  less  active ;  the  nonmetallic  elements  become  m,ore 
metallic. 

The  essential  characteristic  of  an  element  like  sodium  is  its 
activity  and  the  formation  of  a  positive  ion ;  this  is  sometimes 
called  an  extreme  electropositive  character.  The  essential 
-characteristic  of  a  nonmetal  like  fluorine  is  its  activity  and  the 
formation  of  a  negative  ion;  this  is  sometimes  called  an  ex- 
treme electronegative  character.  With  these  definitions  in 
mind  we  see  that  the  most  electropositive  elements  are  in 
group  lA,  and  the  most  electronegative  elements  in  group 
VIIB.  In  between  those  extremes  lie  elements  which  repre- 
sent the  many  gradations  between  these  two  opposite  charac- 
teristics. 
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369.  Value  and  use  of  the  system.  The  periodic  system  is 
one  of  the  greatest  g^neraUzations  of  all  chemistry.  While 
there  are  apparently  numerous  inconsistencies  in  special  cases 
(as  in  the  position  of  argon  and  potassium,  also  in  the  position 
of  iodine  and  tellurium),  yet  on  the  whole  it  represents  a  very 
orderly  arrangement  and  classification  of  a  multitude  of  chem- 
ical and  physical  facts. 

The  table  is  of  value  first  as  a  means  of  classifying  what 
would  otherwise  be  an  almost  hopeless  and  meaningless  wil- 
derness of  chemical  facts.  In  this  way  the  system  is  useful 
not  only  to  the  student  but  also  to  the  chemist  and  to  the 
scientific  investigator.  For  the  latter  it  points  the  way  to 
ia.  more  fimdamental  explanation  of  the  whole  science  of 
chemistry. 

The  second  great  use  of  the  system  has  been  in  the  prediction 
of  the  discovery  of  new  elements.  When  Mendelejeff  first  pro- 
posed his  table,  he  was  obliged  to  leave  in  it  a  number  of  blanks 
which  he  believed  represented  elements  not  yet  discovered. 
On  the  basis  of  the  position  of  these  blanks  he  was  able  to  pre- 
dict with  great  accuracy  not  only  the  existence  of  these  elements 
but  their  physical  and  chemical  properties  as  well.  His  pre- 
diction was  verified  in  three  instances.  The  following  table 
shows  one  of  these ;  he  prophesied  the  properties  of  what  he 
called  eka-aluminum,  which  when  it  was  finally  discovered 
was  called  gallium.  There  is  hardly  a  scientific  prediction  in 
history  that  is  more  startling  than  this. 
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Atomic  weight  . 
Melting  point  . 
Specific  gravity  . 
Action  of  air  .     . 


Action  on  water 


Pbediotkd 

Found 

about  69 

69.0 

low 

dO.V 

about  5.9 

5.93 

none 

slightly  oxidized  at 

red  heat 

decomposes  at  red 

decomposes  at  high 

heat 

temperatures 
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Finally,  the  system  has  been  of  use  in  the  revision  of  certain 
atomic  weights.  A  number  of  elements  were  thought  at  first 
sight  not  to  fit  into  the  table  because  of  their  atomic  weights. 
In  all  but  two  or  three  instances  a  revision  of  the  atomic  wei^ts 
showed  that  the  earlier  values  were  in  error.  There  are  still 
one  or  two  elements  whose  atomic  weights  do  not  fit  them  into 
their  proper  place  in  the  table.  However,  very  recent  de- 
velopments have  shown  that  the  position  of  these  elements  is 
correct. 

360.  Position  of  hydrogen  and  the  rare  elements.  The 
position  of  hydrogen  in  the  system  has  been  a  matter  of 
some  discussion,  but  it  is  not  of  much  consequence.  It  seems 
to  be  rather  an  odd  element.  Perhaps  the  best  place  for  it 
is  in  group  lA  as  it  forms  a  positive  ion.  The  rare  gases  fit 
very  well  into  the  zero  group,  and  since  they  have  no  chemi- 
cal activity,  we  do  not  have  to  concern  ourselves  with  their 
valence. 

SUMMARY  OF  CHAPTER  XXVUI 

THE  NITROGEN  FAMILY  consists  of  nitrogen,  phosphorus, 
arsenic,  antimony,  and  bismuth. 

PHOSPHORUS  is  an  important  constituent  of  plants  and  ani- 
mals.   The  common  allotropic  forms  are  white  and  red. 

White  Phosphorus  Red  Phosphorus 

Melts  at  44"^  C.  Does  not  melt 

Very  poisonous  Not  poisonous 

Low  ignition  point  High  ignition  point 

Soluble  in  carbon  disulfide  Not  soluble 

Phosphorescent  in  air  Not  phosphorescent 

Red  phosphorus  and  the  sulfide  of  phosphorus  are  used  in  the 
manufacture  of  matches. 

ARSENIC  AND  ANTIMONY  have  a  physical  appearance 
resembling  metals.  They  bum  in  air,  forming  oxides  which  are 
acid  anhydrides.  They  both  form  certain  compounds  which  give 
a  slight  concentration  of  trivalent  positive  ions.    Arsenic  com- 
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pounds  are  very  poisonous.  Antimony  is  a  component  of  type 
metal  and  other  alloys. 

BISMUTH  is  a  typical  metal ;  it  is  used  in  making  certain  alloys 
which  have  a  low  melting  points 

ALL  THE  ELEMENTS  CAN  BE  ARRANGED  in  a  table  accord- 
ing to  their  atomic  weights.  The  properties  of  the  elements  are  a 
periodic  function  of  their  atomic  weights. 

THE  PERIODIC  SYSTEM  classifies  the  elements  into  nine 
groups.  All  the  elements  in  a  group  have  essentially  the  same 
valence.  The  most  active  nonmetallic  elements  are  at  the  top 
and  right  of  the  table;  the  most  active  metallic  elements  at  the 
top  and  left.  The  elements  in  between  have  intermediate  proper- 
ties. As  a  rule  the  lower  members  of  any  group  are  less  active 
than  the  higher  members. 

Questions  and  Problems 

1.  What  three  other  elements  besides  phosphorus  have  allotropio 
forms? 

2.  Why  is  red  phosphorus  considered  more  stable  than   white 
phosphorus? 

3.  What  is  the  danger  in  using  ordinary  friction  matches  ? 

4.  Sodium  is  kept  imder  kerosene,  white  phosphorus  imder  water. 
Explain. 

6.  What  characteristics  has  arsenic  which  belong  to  a  metal? 

6.  What  essential  characteristic  has  type  metal  which  makes  it 
useful? 

7.  Name  three  practical  applications  for  Wood's  metal. 

8.  What  three  elements  are  usually  foimd  in  artificial  fertilizers? 

9.  What  does  the  phrase  "  periodic  fimction  "  mean? 

10.  What  natural  processes  might  be  called  periodic  ? 

11.  Explain  how  group  0  (the  inert  gases)  fits  into  the  periodic 
system. 

12.  What  properties  would  you  exi)ect  lithium  to  have? 

18.  Give  the  formulas  for  strontium  oxide,  thorium  oxide,   and 
uranium  oxide. 
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14.  Calculate  the  percentage  of  phosphorus  in  calcium  phosphate 
(Ca,(P04)2). 

16.  How  much  sulfuric  acid  will  be  required  to  treat  1  ton  of  phos- 
phate rock?  Assume  the  acid  is  50%  pure  acid  and  the  rock  is  70  % 
calciimi  phosphate. 

16.  Compute  the  atomic  weight  of  phosphorus  from  the  formula 
P2O6  and  the  fact  that  18.585.  grams  of  phosphorus  give  42.584  grams 
of  phosphoric  pentoxide. 

Topic  for  Further  Study 

Fertilizers.  Why  does  land  need  to  be  fertilized?  What  are  the 
elements  that  must  be  supplied  in  the  form  of  fertilizer?  Is  there  an 
abundant  supply  of  fertilizer  material?  What  other  factors  affect 
crops  besides  fertilizers?  {Slosson's  Creative  Chemistry,  Duncan's 
Chemistry  of  Commerce,  and  pamphlets  issued  by  the  State  and 
Federal  Agricultural  Stations.) 


CHAPTER  XXIX 
SILICON  AND  ALUMINUM 

Silica  —  properties   and  uses  —  silicic  acid  and   silicates 

—  glass  —  silicon  —  carborundum. 

Natural  aluminum  compoimds  —  manufacture  of  aluminum 

—  properties  and  uses  —  thermite  —  alumina  —  aluminum 
hydroxide  —  alums  —  purification  of  water  —  clay  — 
pottery  and  porcelain. 

361.  Silicon  and  aluminum  compotmds.  Although  neither 
of  these  elements  occurs  in  nature  in  the  free  state,  their  com- 
poimds  are  foimd  in  great  abimdance.  It  will  be  remembered 
that  silicon  makes  up  about  one-fourth  of  the  whole  crust  of 
the  earth  and  that  aluminum  is  the  most  abimdant  of  the 
metals. 

It  will  help  to  fix  in  mind  the  properties  of  these  elements 
and  their  compounds  if  we  recall  that  silicon  is  in  the  same 
group  (IV)  as  carbon.  Like  carbon  it  has  a  valence  of  four 
and  has  no  metallic  properties ;  its  acid  (H2Si03),  like  carbonic 
acid,  is  weak.  Unlike  carbon  it  does  not  form  a  great  multi- 
tude of  compounds  containing  numerous  atoms  linked  together 
in  a  chain.  Almninum  is  the  only  member  of  the  third  group 
which  is  at  all  well  known  or  important.  Its  hydroxide  has 
both  acidic  and  basic  properties.  It  thus  lies  between  the 
extreme  metals  and  the  nonmetals. 

Silicon 

362.  Silica  (Si02).  The  commonest  compound  of  silicon  is 
the  oxide  (Si02)  called  silicon  dioxide,  or  more  usually  silica; 
sand,  sandstone,  and  certain  other  substances  which  are  fouTLd 
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in  enormous  quantities  consist  of  silica.  Its  purest  form  is 
quartz,  or  rock  crystal,  which  occurs  in  fine,  clear,  six- 
sided  prisms.  Sometimes  it  appears  in  colored  forms  due 
to  impurities ;  thus,  amethyst  is  violet,  rose  quartz  pink,  smoky 
quartz  brown,  and  milky  quartz  white.  Other  varieties  of  silica 
are  onyx,  opal,  and  flint.  Petrified  wood  ia  a  kind  of  silica 
which  has  gradually  replaced  the  wood  fiber  of  a  tree,  changmg 
it  to  stone. 

Silica  is  also  found  in  plants,  especially  in  the  leaves  and 
stems,  where  it  appears  to  give  rigidity.    Certain  one-celled 


Fig.  104.     Quartz  InboTBtory  appBiituB. 


marine  animals  have  skeletons  containing  sihca.  These  ani- 
mals belong  to  the  infusoria;  in  some  localities  there  are 
immense  deposits  of  very  fine  sand  called  infusorial  eartli 
(Tripoli).  This  material  is  used  to  absorb  nitroglycerin  in 
making  dynamite ;  also  for  removing  coloring  matters  from 
oils  and  in  making  polishing  powders. 

363.  Properties  of  silica.  It  is  a  hard,  brittle  substance 
and  hence  is  used  as  an  abrasive.  Sandpaper  consists  of  sharp 
quartz  sand  glued  on  paper.  Silica  can  be  melted  in  the 
oxyhydrogen  flame  and  made  into  fine  threads,  tubes,, flaaks, 
or  crucibles  (Fig.  204). 
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Apparatus  made  of  fused  quartz  does  not  expand  or  contract 
to  any  appreciable  extent,  even  with  considerable  change  in 
temperature.  If  we  heat  a  quartz  crucible  red-hot  in  the 
flame  of  a  blast  lamp  and  then  plunge  it  into  cold  water,  it 
does  not  crack. 

Quartz  vessels  are  not  attacked  by  the  common  acids. 
However,  they  are  dissolved  very  rapidly  by  hydrofluoric  acid 
(HsFs).    Silica  also  dissolves  in  fused  alkalies  to  form  silicates : 

2  NaOH  +  Si02  — ^  NajSiOa  +  H2O 

This  reaction  likewise  takes  place  when  silica  is  boiled  with  a 
concentrated  alkali  solution. 

364.  Silicic  acid  and  silicates.  Silicon  dioxide  is  the  anhy- 
dride of  an  acid  with  the  formula  H2Si03  (H2O  +  Si02) ;  but 
this  acid  cannot  be  formed  by  dissolving  silica  in  water.  It  is 
very  weak  and  can  be  prepared  only  from  its  salts,  the  silicates. 
The  silicates  of  calcium,  magnesium,  aluminum,  and  iron  form 
liie,  greater  part  of  the  earth's  crust.  Many  of  the  common 
rocks,  such  as  granite,  are  composed  of  minerals  which  are 
complicated  and  mixed  silicates.  Most  of  them  are  insoluble 
in  water,  but  the  alkali  silicates  are  soluble. 

Water  glass,  or  sodium  siUcate  (Na2Si03),  is  made  by  fusing 
together  silica  and  sodium  carbonate : 

NaaCOs  +  Si02  — >-  NagSiOs  +  CO2  t 

A  solution  of  sodium  silicate  is  an  excellent  preservative  for 
eggs  since  it  fills  the  pores  of  the  shells  and  thus  makes  them 
air-tight.  It  is  used  to  render  wood  or  cloth  fireproof,  and  as 
a  cement  for  glass  and  pottery. 

We  add  some  hydrochloric  aoid  to  a  solution  of  sodium  silicate. 
The  gelatinous  precipitate  is  silicic  acid : 

Na2Si03  +  2  HCl  — ►  H^SiO,  V  -V  ^^^^\ 
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Silicic  acid  is  precipitated  when  sodium  silicate  is  acidified. 
The  acid  comes  down  as  a  gelatinous  precipitate  containing  a 
rather  indefinite  amount  of  water.  When  heated  sufficiently, 
the  jelly  loses  all  of  its  water  and  forms  silica.  Silicic  acid  is  a 
very  good  example  of  a  colloid. 


366.   Glass.     Common  glass  is  made  by  melting  tc^ether 

sand,  sodium  carbonate,  and  calcium  carbonate.    At  a  hi^ 

temperature   the    carbonates   react   with    the   sand,    forming 

glass,  a  mixture  of  sodium  and  calcium  silicates : 

NajCO,  +  SiOs  — »-  Na,SiO,  +  COa 

CaCOj  +  SiOj  — >-  CaSiOs  +  CO, 

Such  a  mixture  of  silicates  solidifies  on  cooling  but  does  not 
czystalUze.     It  stays  as  a  transparent  amorphous  mass  whidi 
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may  be  considered  as  a  supercooled  solution  of  the  one  silicate 
in  the  other.  On  long  standing  certain  grades  of  glass  begin 
to  crystallize,  and  this  results  in  an  opaqueness  and  a  fragihty 
of  the  glass.  H9.rd  glass,  which  melts  at  a  higher  temperature 
than  ordinary,  or  soft  glass,  consists  of  a  mixture  of  potassium 
and  calcium  sUicates.  FUnt  glass  contains  the  siUcates  of 
lead,  barium,  and  potassiiun. 

In  the  manufacture  of  glass  the  ingredients  are  heated  in  a  fire-olay 
pot  by  gae  flames  to  a  very  high  temperature.     All  the  carbon  dioxide 


Fig.  106.    Glass  bottles 


must  be  expelled  from  the  melt,  otherwise  bubbles  and  streaka  will 
occur  in  the  product.  Traces  of  metallic  oxides  added  at  this  point 
produce  different  oolora  in  the  glass.  The  cheaper  grades  are  often 
somewhat  green  because  of  iron  oxide. 

Glass  is  worked  into  shape  by  blowing.  A  mass  of  the  fused  glass 
is  taken  on  the  end  of  a  long  blowpipe,  and  a  skilled  workman  blows 
it  into  large  cylinders  or  other  desired  shapes.  Window  glass  is  made 
from  cylinders  by  cutting  off  the  ends,  slitting  the  cylinder  length- 
wise, and  rolling  it  out  as  a  plate  while  it  is  still  soft.  Mechanical 
blowers  (Fig.  205)  have  now  been  introduced  for  making  the  larger 
cylinders.  The  apparatus  automatically  dips  a  large  pipe  into  a  kettle 
of  m.olten  glass,  and  then  gradually  raises  it,  pulling  the  molten  glass 
Upward  as  the  pipe  rises.  A  steady  stream  of  air  is  kept  flowing  in 
through  the  pipe.  Bottles  and  similar  articles  are  formed  by  blowing 
the  glass  into  molds  either  mechanically  ot  \ig  Wni  "5Sst-  '1RK\- 
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Plate  glaas  ia  manufactured  by  pouring  molten  glass  on  a  table,  n^ 
ing  it  with  a  hot  iron,  and  finaUy  carefully  potishii^  it.  Flint  gUug 
has  peculiar  optical  properties  and  is  used  in  the  manufacture  of  lenses. 
Because  of  its  brilliant  appearance  it  is  also  made  into  ornaments, 
such  as  out-glaea  vessels.  The  designs  are  oat  by  an  emery  wheel 
and  then  the  object  is  polished  with  a  very  fine  abrasive. 

366.  Silicon.  This  element  is  seldom  seen  because  it  is 
reduced  from  its  compounds  only  with  great  difficulty.  But 
silicon  can  be  prepared  by  heating  pure  sand  with  carbon  to  a 
high  temperature  in  an  electric  furnace  : 

SiO»  +  2  C  — »-  Si  +  2  CO  t 

It  occurs  as  amorphous  silicon  in  a  brown  powder  and  as 
crystallized  silicon  in  black  needles.  Silicon  is  used  as  a 
deoxidizing  agent  in  refining  steel  and  in  making  iron  alloys; 
also  as  a  crystal  detector  in  radiotelegraphy. 

367.  Carborundum.  If  the  reaction  between  sand  and 
carbon  is  carried  out  under  certain  conditions  with  a  large 

nari  excess  of  carbon,  a  com- 

'1-:-  _  pound  of  these  two  ele- 

-  ■J-ilii-^-'     menta  is  formed,  known 
"  ^^^p  /     '    B.S  carbon  silicide,  or  car- 
;  '  jrj  borundum.     An  electric 

■-■■  -'--±::4xjj  furnace  (Fig.  207)  similar 

FiE    30T     Sectioii  of  an  electric  furnace  for     to    the   one   used   in  the 
"■^  ""°™"™-  mamifaoture  of  graphite 

IS  employed  for  this  purpose.  The  core  of  the  furnace  is  a 
mass  of  granulated  coke.  A  mixture  of  aand,  sawdust,  coke, 
and  a  httle  salt  is  piled  around  the  central  core.  The  heat 
generated  by  the  passage  of  a  strong  current  throa(^  the  coke 
IS  sufficient  to  cause  the  reaction  to  take  place  in  the  surroimd- 
mgmass 

Carborundum  is  a  crystalline  solid  with  a  beautiful  purple  color. 
It  is  extremely  hard  and  is  used  as  an  abrasive  in  the  form  of 
grinding  wheels  and  hones,  and  as  a  fine  polishing  powder. 
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Aluminum 

368.  Natural  ccnnpounds  of  aluminum.  Although  aluminum 
is  the  most  abundant  metallic  element,  it  is  found  in  nature 
only  in  the  form  of  compounds.  Bauxite,  a  hydrated  oxide 
of  aluminum,  is  the  source  of  the  metal  and  of  most  of  its 
compoimds.  In  Greenland  a  double  fluoride  of  aluminum 
and  sodium  ia  found  which  is  called  cryolite  (AlFj  ■  3  NaF). 
Aluminum  is  also  found  as  a  constituent  of  all  the  common 
siliceous  roclcs,  such  as 
feldspar,  clay,  mica,  and 
slate.  Emery, averyuse- 
ful  and  valuable  natural 
abrasive,  is  an  impure 
form  of  aluminum  oxide 
(AljOa),  colored  brown 
by  iron  oxide  Sapphires 
and  rubies,  which  are 
highly  prized  as  gems, 
are  beautifullj  crystal- 
lized aluminum  oxide 

369.  Manufacture  of 
aluminum.  Because  of 
the  very  great  chemical  ^-  *<*■  i>i"B" 
activity  of  the  element,  ""' 
aluminum  oxide  cannot  be  reduced  to  metallic  aliuninum  by 
means  of  carbon  in  a  furnace.  The  metal  is  now  obtained 
by  the  electrolysis  of  its  oxide.  The  process  was  discovered 
in  1886  by  an  American  named  Hall.  The  electrolyte  for  this 
process  is  a  solution  of  aluminum  oxide  in  fused  cryolite ;  the 
cryoUte  ia  not  changed  during  the  process  but  serves  only  as  a 
solvent.  The  oxide  must  be  very  pure  and  is  prepared  from 
bauxite  by  a  long  and  careful  process  of  purification. 

The  electrolyBis  is  oarried  out  in  the  apparatas  shown  in  figure 
206.     An  iron  box  ia  lined  with  amorphous  carbon,  which.  Becv^i  «& 
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Crucible 


the  cathode.  The  anode  is  a  set  of  carbon  blocks  suspended  in  the 
mixture.  The  cryolite  is  melted  by  the  electric  arcs  which  are  formed 
when  the  current  is  first  tiu*ned  on.  Aluminum  oxide  is  added  from 
time  to  time  as  the  electrolysis  proceeds.  The  metal  is  liberated  at 
the  cathode  and  collects  as  a  liquid  at  the  bottom  of  the  box,  from 
which  it  is  drawn  off  into  suitable  molds.  Oxygen  is  liberated  at  the 
anode  and  to  a  large  extent  burns  up  the  carbon  electrodes,  which  have 
to  be  renewed  frequently.  It  requires  only  about  8  volts  to  keep  the 
process  going,  but  a  ciurent  of  several  thousand  amperes  is  needed. 

370.  Properties.  Aluminum  is  a  silver-white  metal  which 
usually  has  a  rather  dull  surface  due  to  a  thin  coating  of  the 

oxide.  It  is  very  light  in  weight, 
being  only  one-third  as  heavy  as 
iron,  and  is  an  excellent  conductor 
of  both  heat  and  electricity.  It  does 
not  work  well  in  a  lathe  and  can  be 
soldered  only  with  difficulty. 

Aluminum  is  a  moderately  active 
metal,  but  because  of  the  thin  coat- 
ing of  adhering  oxide  which  is  al- 
ways present  it  is  not  acted  on  by 
moist  air,  hot  or  cold  water,  or  di- 
lute sulfuric  or  nitric  acids.  Hydro- 
chloric acid  acts  on  it  rather  rapidly, 
producing  hydrogen.  It  is  dis- 
solved by  sodium  or  potassium  hydroxide  with  the  formation  of 
compounds  called  aluminates  and  with  the  liberation  of  hydro- 

S^^*  6  NaOH  +  2  Al  — v  2Na3A103  +  3  Hat 

371.  Uses.  Aluminum  is  not  so  cheap  as  steel,  and  its  use 
is  therefore  restricted  to  articles  in  which  lightness  is  a  prime 
essential,  such  as  parts  of  automobiles  and  airplanes.  It  is 
sometimes  used  in  the  place  of  copper  as  a  conductor  of  elec- 
tricity. It  is  a  very  satisfactory  material  for  cooking  utensils, 
not  only  because  of  its  lightness,  but  also  because  it  keeps  brightj 
since  the  thin  film  of  oxide  is  transparent  and  protects  the  metal 


Fig.  209.    Making  molten  iron 
by  the  use  of  thermite. 
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from  further  action  of  the  air.  Powdered  Bluminum  is  used  ex- 
tensively as  a  paint  to  protect  other  metals  from  corrosion.  Very 
thin  foil  made  of  aluminum  is  replacing  tin  foil  to  some  extent. 

There  are  several  important  alloys  of  aluminum.  Copper 
containing  5  to  12  per  cent  of  aluminum  is  called  aluminum 
bronze ;  it  has  a  brilliant  golden-yellow  color.  Magnalium  con- 
tains a  small  amount  of  metalhc  magnesium.  These  alloirs 
can  be  worked  more  easily  than  the  pure  metal. 

372.  Thermite.  Metallic  aluminum  is  a  very  powerful 
reducing  agent.  It  reacts  with  the  oxides  of  many  metals, 
producing  aluminum  oxide 
and  the  free  metal.  This 
reaction  takes  place  with 
the  evolution  of  much  heat 
and  when  once  started 
proceeds  vigorously,  A 
mixture  of  aluminum  and 
iron  oxide  is  called  ther- 
mite. When  this  mixture 
is  ignited  by  means  of  a 
burning  strip  of  magne- 
sium ribbon,  a  reaction 
takes  place,  and  a  temperature  of  3000°  to  3500°  C.  is  reached : 


Welding  rails  with  tbeimite. 


2  AlH-  Fe,0,  ■ 


-  AljOs  +  2  Fe 


Some  thermite  ia  placed  in  a  sand  orudble  and  on  top  of  it  a  little 
heap  of  the  ignition  mixture  coaatsting  of  aodiiun  peroxide  and  powdered 
aluminum.  Into  this  heap  is  inserted  a  piece  of  ma^esium  ribbon 
(Pig.  209}.  The  crucible  is  then  set  into  a  pan  of  sand,  and  the  mag- 
nesium ribbon  is  ignited.  So  much  heat  is  developed  that  great  oare 
must  be  taken  in  doing  the  experiment.  Very  soon  the  crucible  will 
contain  liquid  iron  at  the  bottom  and  the  fused  slag  on  top.  This  ia 
&  good  example  of  an  exothermic  reaction. 

Advantage  is  taken  of  this  reaction  in  welding  rails  (Fig.  210), 
shafting,  and  similar  objects.     The  reaction  is  carried  out  in  a 
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coneHshaped  crucible  with  a  bottom  opening.  Extremely  hot 
molten  iron  collects  at  the  bottom  and  is  allowed  to  run  out 
on  to  the  joint,  which  has  been  previously  warmed  to  a  red 
heat.  The  molten  iron  imites  with  the  warm  iron  and  makes 
a  soHd  weld. 

The  same  reaction  enters  into  the  preparation  of  manganese 
and  chromium  from  their  oxides.  A  mixture  of  powdered 
alumimun  and  the  oxide  is  ignited ;  the  free  metal  is  thus  pro- 
duced. 

373.  Alumina.  Aluminum  oxide,  or  alumina  (AljOi),  has 
already  been  mentioned.  As  it  occurs  naturally  in  a  variety 
of  forms  and  is  extremely  hard,  it  is  extensively  used  as  an 
abrasive.  Corundum  and  emery  are  natural  forms  of  almninum 
oxide  which  are  thus  employed.  Alundum,  an  artificial  abrasive, 
is  prepared  by  heating  the  oxide  obtained  from  bauxite  in  an 
electric  furnace  until  it  just  melts.  Crucibles  and  muffles  are 
often  made  of  alundum  because  of  its  extremely  high  melting 
point. 

The  colors  of  ruby  and  sapphire,  both  of  which  are  natural, 
crystallized  aluminum  oxide,  are,  as  we  have  said,  due  to  traces 
of  impurity.  Substances  very  similar  to  these  are  now  pre- 
pared artificially  by  fusing  aluminum  oxide  with  a  small  amount 
of  other  metallic  oxides  to  give  the  desired  color.  These  arti- 
ficial gems  are  chemically  identical  with  the  natural  ones  and 
can  be  distinguished  from  them  only  with  great  difficulty. 
Their  preparation  forms  a  very  large  and  profitable  industry. 

374.  Aluminum  hydroxide.  The  hydroxide  is  formed  as  a 
colloidal  precipitate  when  ammonium  hydroxide  is  added  to 
a  solution  of  a  salt  of  aluminum  : 

6  NH4OH  +  Al2(S04)3  — ^  2  A1(0H)3 1  +  3(NH4)2S04 

When  heated,  the  aliuniniun  hydroxide  is  decomposed  into  the 
oxide  and  water : 

2  A1(0H)3  —V  AI2O3  +  3  H2O  t 
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Aluminum  hydroxide  has  both  acid  and  basic  properties.  This 
means  that  it  ionizes  in  two  diflFerent  ways : 

A1(0H)8  — ►  Al+^^-  +  3  OH" 

HaAlOs  — ^  3  H+  +  AlOa"- 

It  dissolves  in  most  acids  to  form  soluble  salts,  and  in  the  strong 
bases  to  form  aluminates : 

A1(0H)3  +  3  HCl  — ^  AlCls  +  3  H2O 

A1(0H)3  +  3  NaOH  — ^  NaaAlOs  +  3  H2O 

376.  Alums.  When  a  solution  of  aluminum  sulfate  is  mixed 
with  a  solution  of  potassium  sulfate  and  evaporated,  a  double 
salt  crystallizes  out  which  has  long  been  known  as  alum 
(K2SO4  •  Al2(S04)3  •  24  H2O). 

We  prepare  a  saturated  solution  of  alum  and  suspend  in  it  a  small 
alum  crystal  by  a  thread,  as  shown  in  fig^ure  211.  The  small  crystal 
grows  and  often  becomes  very  nearly  perfect. 

This  substance  belongs  to  a  class  of  compounds  called  double 
salts.  We  do  not  know  the  reason  for  their  formation  or  for 
the   way  in  which   the  atoms  are 

joined  together.  There  are  a  number     ^^  _z>i\rfcr«od 

of  double  salts  which  have  the  same 

crystalline    form    as    ordinary,    or  

potassium  alum,  and  which  have  a  Fig.  211.  Nursing  crystals  of 
similar  formula ;  such  as  ammonium  ^^^^' 

alum  (Al2(S04)3  •  (NH4)2S04  •  24  H2O)  and  chrome  alum 
(K2SO4  •  Cr2(S04)3  •  24  H2O).  It  should  be  noted  that  the  last 
substance  is  called  an  alum  although  it  contains  no  aluminum. 
Ordinary  alum  is  the  commonest  form  in  which  aluminiun  com- 
pounds are  used. 

376.  Water  purification.  When  alumimmi  hydroxide  is  pre- 
cipitated in  muddy  water,  it  has  the  power  of  carrying  down  withiti«MSr 
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pended  puttcles.  Tbis  property  ia  used  to  advanta^  ia  the  purification 
oT  water.  Alum  and  lime  are  added  in  proper  proportions  to  the  cwn- 
taminated  water  supply;  the  aluminum  hydroxide  which  ia  formed 
oairies  down  the  suspended  material  from  the  water. 

377.  Clay  and  pottery.  The  purest  form  of  clay,  known  as 
kaolin,  is  an  aluminum  Biticate.    This  is  a  white  substance 

formed  by  the  decomposition 
of  feldspar  rock  under  the  in- 
fluence of  weather  over  a  long 
period  of  time.  Feldspar  is 
a  potassium  aluminum  silicate 
which  is  slowly  converted  into 
soluble  potassium  compounds 
and  kaolin.  Impure,  or  ordi- 
nary clay  is  a  mixture  of 
kaolin  with  other  substances, 
particularly  iron  compounds, 
which  give  it  a  red  color. 

Bricks,  tiling,  flower  pots,  and 
similar  porous  atone  ware  are  made 
of  common  -clay.  The  clay  is 
molded  into  the  desired  form  and 
then  baked  in  ovens  fired  gener- 
aUy  with  gas  (Fig,  212).  For 
many  piuposes  the  porouB  mate- 
rial must  be  covered  with  an  impervious  glaze.  This  ia  done  by  bring- 
ing salt  into  contact  with  the  hot  surface ;  a  fusible  sodium  aluminum 
silicate  is  formed,  which  flows  over  it  and  on  cooling  solidifies  to  a  hwd 
mass.  Cheap  pottery  is  made  in  this  way.  Clay  containing  a  lai^ 
amount  of  silica  is  used  for  preparing  fire  bricks,  stove  linings,  and 
other  materials  which  are  to  be  subjected  to  a  very  high  temperature. 

378.  Porcelain.  The  pottery  just  described  which  is  made 
by  baking  impure  clay  and  putting  on  a  superficial  glaze  is, 
as  we  have  said,  not  of  a  very  good  quality.  The  better  grades, 
porcelain  and  china,  are  made  from  pure  white  kaolin,  feldspar, 
and  quartz.    The  materials  are  ground  fine,  mixed  with  water, 


SUMMARY  OF  CHAPTER  XXIX  365 

and  molded  into  the  desired  shape.  This  may  be  done  by  hand 
with  the  help  of  a  potter's  wheel,  or  the  mixture  may  be  poured 
into  a  mold  of  plaster  of  Paris.  When  dry,  the  object  is  baked 
at  a  relatively  low  temperature  until  it  is  firm  and  hard  but 
still  porous.  It  is  then  covered  with  a  thin  coating  of  feldspar 
and  silica  and  heated  at  a  higher  temperature  and  for  a  longer 
time.  The  thin  coating  melts  and  forms  a  glaze ;  according 
to  the  length  of  time  of  heating  and  the  composition  of  the 
material,  the  latter  also  partially  melts  and  fuses  with  the  glaze. 
In  such  articles  the  glaze  and  the'  body  of  the  material  are  thus 
melted  practically  into  one  mass.  Colored  decorations  are 
put  on  by  adding  colored  oxide  to  the  coating  which  subse- 
quently becomes  the  glaze. 
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SILICON  is  a  very  abundant  element  which  belongs  to  the 
carbon  family.  It  can  be  prepared  by  heating  sand  and  carbon 
in  an  electric  furnace.  With  an  excess  of  carbon  a  carbon  silicide, 
carborundum^  is  formed. 

SILICA  is  silicon  dioxide,  which  is  widely  distributed  as  sand. 
Laboratory  apparatus  can  be  made  from  fused  silica.  Silica  is 
dissolved  by  hydrofluoric  acid  and  slowly  by  soditmi  hydroxide. 

SILICATES  are  salts  of  silicic  acid.  This  acid  on  heating  de- 
composes into  the  oxide  and  water.  The  silicates  are  insoluble 
except  those  of  soditmi  and  potassium. 

GLASS  is  a  mixture  of  silicates.  It  is  an  amorphous  solid. 
Ordinary  glass  is  a  mixture  of  soditun  and  calcitmi  silicates.  Hard 
glass  contains  potassitun  silicates.  Flint  glass  contains  the  sili- 
cates of  lead,  baritmi,  and  potassitun. 

ALUMINUM  occtu-s  very  extensively  as  oxides  and  silicates. 
The  metal  is  made  by  electrolysis  of  the  oxide  dissolved  in  fused 
cryolite. 

The  metal  is  not  attacked  by  moisttu'e  or  air  because  of  a  thin 
coating  of  oxide.  It  dissolves  in  hydrochloric  acid  and  in  alkali 
solutions. 
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THERMITE  is  a  mixture  of  iron  oxide  and  metallic  aluminum. 
When  ignited,  metallic  iron  is  produced  at  a  very  high  temperature. 
Thermite  is  used  in  welding. 

ALUMINUM  OXIDE  (alumina)  is  used  as  an  abrasive  and  in 
the  preparation  of  artificial  gems. 

ALUMINUM  HYDROXIDE  is  both  acidic  and  basic.  It  forms 
salts  with  acids  and  altmiinates  with  bases.  Certain  double 
salts  of  aluminum  are  called  alums. 

CLAY  is  essentially  an  aluminum  silicate.  It  can  be  baked 
into  a  hard  porous  form.  A  glaze  can  be  put  on  by  a  suitable 
process. 

Questions  and  Problems 

1.  Name  five  important  uses  for  silica. 

2.  What  is  the  difference  between  water  glass  and  qrdinary  glass? 

3.  What  advantages  has  quartz  glass  for  chemical  apparatus? 
what  disadvantages? 

4.  Compare  carbon  and  silicon. 

5.  Why  is  an  ordinary  window  not  so  smooth  as  plate  glass? 

6.  How  would  you  expect  a  solution  of  water  glass  to  react  with 
litmus?    Explain. 

7.  Why  is  it  sometimes  difficult  to  remove  the  ground  glass 
stoppers  from  bottles  containing  ammoniimi  hydroxide? 

8.  What  is  the  difference  between  siUcon  carbide  and  carbon 
silioide? 

9.  Name  the  ingredients  of  three  different  varieties  of  glass  and 
give  uses  for  each  variety. 

10.  What  has  made  aluminum  a  comparatively  cheap  metal  ? 

11.  If  aluminum  is  the  most  abundant  metallic  element,  why  is  it  not 
the  cheapest  metal  ? 

12.  Why  does  the  price  of  aluminimi  depend  on  the  cost  of  eleo- 
taricity? 

18.  What  are  the  especial  advantages  of  aluminum  for  kitchen 
ttt^isils  ? 

14.  What  are  the  advantages  of  the  thermite  method  of  welding 
over  other  methods? 
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16.  What  would  be  the  reaction  of  a  solution  of  aluminum  sulfate 
on  litmus?    Explain. 

16.  Make  a  list  of  the  metals  prepared  by  electrolysis. 

17.  Write  the  equation  for  the  reaction  of  aluminum  on  hydro- 
chloric acid. 

18.  How  many  liters  of  hydrogen  (standard  conditions)  could  be 
generated  by  the  action  of  hydrochloric  acid  on  1  kilogram  of 
aluminum? 

19.  Compare  aluminum  oxide  and  silicon  dioxide. 

20.  Write  the  equation  for  the  hydrolysis  of  aluminum  chloride. 

21.  Calculate  the  percentage  of  water  of  crystallization  in  common 
alum.  * 

22.  Write  the  equation  for  the  reaction  of  alum  and  lime 
(Ca(0H)2). 

23.  Name  two  solid  substances  which  are  prepared  commercially 
by  heating  sand  with  carbon. 

24.  Make  a  list  of  the  abrasives  mentioned  in  this  chapter  and 
give  the  formula  of  each. 

26.  Name  two  colloids  which  have  been  described  in  this  chapter. 

Topics  for  Further  Study 

Glass  and  pottery.  A  number  of  industries  and  arts  were  developed 
long  before  the  beginnings  of  the  science  of  chemistry.  Skilled  crafts- 
men found  by  experience  methods  of  producing  such  substances  as 
glass  and  pottery.  What  chemical  principles  have  recently  been 
applied  to  these  industries  to  bring  about  great  improvements  and 
economies?  (Duncan's  Chemistry  of  Commerce  and  Findlay's  Chem- 
istry in  the  Service  of  Mankind.) 

Products  of  the  electric  furnace.  What  substances  are  now  manu- 
factured with  the  aid  of  the  electric  furnace?  Would  it  have  been 
possible  to  produce  these  materials  before  the  electric  generator  was 
invented?  How  does  this  use  of  the  electric  current  differ  from  that 
in  the  production  of  sodium  hydroxide  and  chlorine  or  metallic 
aluminum?  (Duncan's  Chemistry  of  Commerce,  Slosson*s  Creative 
Chemistry,  Cressy's  Discoveries  and  Inventions,  and  J,  C.  Philip's 
Romance  of  Modem  Chemistry.) 


CHAPTER  XXX 

MAGNESIUM  AND   CALCIUM 

Magnesium,  its  preparation  and  properties  —  magnesium 
oxide  and  hydroxide  —  magnesium  salts. 

Calcium,  its  preparation  and  properties  —  calcium  car- 
bonate —  hard  water  —  methods  of  softening  water  —  lime 
—  calcium  hydroxide  —  mortar  —  cement  —  other  calcium 
compounds. 

Strontium  and  barium. 

379.  General  characteristics.  We  shall  now  study  two 
elements,  magnesium  and  calcium,  which  belong  to  Group  II 
of  the  periodic  system.  Besides  these  there  are  two  other  less 
important  members,  strontiiun  and  barium.  This  family 
(IIA)  is  sometimes  called  the  alkaline  earths.  The  metal 
radium  also  belongs  here,  but  it  is  such  an  unusual  element 
that  we  shall  devote  a  whole  chapter  (XXXVI)  to  its  descrip- 
tion. These  elements  are  all  very  active  metals  which  form 
positive  divalent  ions;  they  show  no  nonmetallic  properties. 
We  shall  find  that  the  properties  of  the  metals  and  their  com- 
pounds vary  in  the  order  of  the  atomic  weights. 

Magnesium 

380.  Compounds  found  in  nature.  Magnesiiun  occurs  as 
magnesite  (MgCOs)  and  as  a  double  carbonate  dolomite 
(MgCOs  •  CaCOs).  There  are  also  several  natural  siUcates  of 
magnesium  which  are  familiar  and  useful  substances.  These 
are  meerschaum,  talc  or  soapstone,  and  asbestos.  Soapstone 
is  used  for  sinks  and  table  tops  and  when  powdered  is  known 

^68 
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as  talcum  powder  or  French  chalk.  Asbestos  is  a  fibrous  mineral, 
which  is  manufactured  into  fireproof  cloth  and  cardboard.  In 
the  Stassfurt  deposits  magnesium  occurs  as  a  sulfate  and  as  a 
double  chloride  with  potassium. 

381.  Preparation  and  properties  of  the  metal.  Metallic 
magnesium  is  made  by  the  electrolysis  of  fused  salts,  in  the 
same  way  that  such  metals  as  sodium  and  aluminum  are  pre- 
pared. A  mixture  of  magnesium,  potassium,  and  sodium 
chlorides  is  used.  A  carbon  rod  forms  the  anode  and  an  iron 
crucible  the  cathode.  The  molten  metal  collects  on  the  sides 
and  bottom  of  the  crucible.  When  cold  the  mass  is  broken 
up  and  the  metal  removed.  It  is  usually  put  on  the  market 
in  the  form  of  a  fine  powder  or  as  a  thin  ribbon. 

Magnesium  is  attacked  by  moist  air  and  forms  a  white 
crust  consisting  of  basic  magnesium  carbonate.  It  burns  in 
air  with  a  brilliant  white  light,  producing  the  oxide  (MgO) 
and  the  nitride  (Mg3N2) ;  flashlight  powder .  consists  of  a 
mixture  of  magnesium  powder  and  potassium  chlorate.  Cer- 
tain kinds  of  signal  lights  and  fireworks  contain  powdered 
magnesium.  The  metal  reacts  slowly  with  boiling  water  to 
form  hydrogen:  * 

Mg  +  2  H2O  — >•  Mg(0H)2  +  Hat 

It  displaces  hydrogen  rapidly  from  cold  dilute  acids. 

382.  Magnesiiun  oxide  and  hydroxide.  The  oxide  (MgO) 
is  made  by  heating  magnesium  carbonate  ;  it  is  called  magnesia. 
It  is  a  very  infusible  substance  and  is  used  for  making  fireproof 
bricks  and  the  linings  for  high-temperature  furnaces.  It  com- 
bines slowly  with  water,  forming  a  hydroxide  (Mg(0H)2). 
This  hydroxide  is  an  insoluble  white  substance  which  finds 
some  uses  in  medicine  under  the  name  of  milk  of  magnesia. 
It  is  also  formed  when  a  soluble  base  Uke  sodium  hydroxide  is 
added  to  a  magnesium  salt : 

MgS04  +  2  NaOH  — ^  Mg(OH^^  \,  -V  ^^^Q  ^ 
2b 
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383.  Magnesiiun  salts.  Magnesium  carbonate  (MgCOs) 
occurs  naturally  and  is  the  source  of  magnesium  oxide  and 
hydroxide.  It  is  insoluble  in  pure  water  but  soluble  in  water 
containing  carbon  dioxide.    A  mdgnesium  bicarbonate  is  formed : 

MgCOa  +  H2CO8  — ^  MgCHCOa), 

Magnesium  sulfate  (MgSO^  is  a  constituent  of  some  natural 
waters  and  occurs  in  certain  salt  deposits.  It  is  often  called 
Epsom  salts  and  is  used  in  medicine  because  of  its  laxative 
properties.  Magnesium  chloride  is  found  in  sea  water.  In 
hot  water  this  salt  forms  hydrochloric  acid  by  hydrolysis : 

MgCl2  +  H2O  — >•  MgO  +  2  HCl 

The  acid  corrodes  metals,  and  hence  sea  water  cannot  be  used 
in  ships'  boilers. 

Calcium 

384.  Preparation  and  properties  of  the  metal.  Metallic 
calcium  also  is  made  by  the  electrolysis  of  a  fused  salt.  Calcium 
chloride  is  used  for  this  purpose. 

The  salt  is  fused  in  a  graphite  crucible,  which  forms  the  anode, 
and  an  iron  rod  is  used  as  the  cathode.  The  metal  which  is  liberated 
around  the  rod  adheres  to  it,  and  as  this  rod  is  gradually  raised  a  stick 
of  metallic  calcium  is  pulled  from  the  melt.  It  is  a  silver-white  metal 
about  as  hard  as  lead  and  cannot  easily  be  cut  with  a  knife.  It  has  a 
brilliant  luster  which  is  soon  dulled  by  moist  air.  Water  is  slowly 
decomposed  by  calcium,  and  hydrogen  is  evolved : 

Ca  +  2  H2O  — ►  Ca(0H)2  +  H,  t 

When  heated  to  a  temperature  above  its  melting  point  it  bums  bril- 
liantly, forming  the  oxide  (CaO).  Metallic  calcium  has  few  oonmier- 
cial  uses. 

386.  Calcimn  carbonate  (CaCOs).  This  compound  is  the 
commonest  form  in  which  calcium  is  found.  The  purest  variety 
IB  Iceland  Bpar,  which  is  crystalline  and  as  transparent  as  glass. 
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Marble  is  almost  pure  calcium  carbonate.  It  is  composed  of 
a  mass  of  tiny  crystals  cemented  together  and  is  often  as  white 
as  snow.  Limestone  is  the  most  abundant  form  of  calcium 
carbonate,  but  shows  less  of  the  crystalline  structure  than 
marble  and  is  often  of  a  cloudy  gray  color.  We  believe  that 
limestone  was  formed  in  some  previous  geological  age  from  the 
shells  of  sea  animals. 

Calcium  carbonate  is  insoluble  in  water  but  like  the  mag- 
nesium compoimd  is  soluble  in  water  containing  carbonic  acid, 
producing  calcium  bicarbonate : 

CaCOa  +  H2CO3  — >•  Ca(HC03)2 

Calcium  carbonate  reacts  with  acids,  giving  carbon  dioxide : 
CaCOa  +  2  HCl  — >•  CaCU  +  H2O  +  CO2 1 

Pure  calcium  carbonate  can  be  made  in  the  laboratory  by 
adding  some  soluble  carbonate  to  a  soluble  calcium  salt : 

NasCOa  +  CaCl2  — ^  CaCO,  i  +  2  NaCl 

Prepared  in  this  way  it  is  a  white  powder  called  precipitated 
chalk  (not  crayon)  and  is  used  in  poUshing  powders  (tooth 
paste) ;  as  whiting  it  is  mixed  with  linseed  oil  to  make  putty.  The 
natural  forms  of  calcium  carbonate  are  put  to  many  uses  besides 
that  of  preparing  lime  and  carbon  dioxide ;  for  example,  it  is 
used  as  a  flux  in  blast  furnaces,  in  making  soda  and  glass,  as  well 
as  for  a  building  stone  and  as  ballast  for  roads. 

386.  Hard  water.  All  natural  water  except  rain  water 
contains  a  certain  amount  of  dissolved  salts.  Water  in  which 
there  is  a  considerable  amoimt  of  certain  dissolved  material  is 
called  hard  water. 

Magnesium  and  calcium  bicarbonates  are  among  the  chief 
ingredients  of  the  hard  water  which  is  found  in  some  locaUties. 
These  materials  can  very  easily  be  dropped  out  ol  ^^cA^^jsssvjlXs^ 
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simple  boiling;    carbon  dioxide  Is  expelled  and  the  insoluble 
carbonate  is  precipitated : 

Ca{HC03),  — »-  CaCO,;+  H,0  +  COit 

The  hardness  due  to  these  salts  is  called  temporary  hardnesB. 

Salts  such  as  magnesium  sulfate  and  calcium  sulfate  cannot 
bo  removed  by  simple  boil- 
ing, and  water  containing 
them  is  said  to  be  perma- 
nently hard.  In  certain 
limestone  regions  all  the 
water  contains  a  great  deal 
of  temporary  hardness.  If 
it  drips  from  some  high 
place,  as  for  instance  from 
the  top  of  a  cave,  it  loses 
some  of  its  carbon  dioxide 
and  slowly  precipitates 
calcium  carbonate.  This 
material  often  accumulates 
in  the  form  of  long  strips 
like  icicles.  The  stalactites 
and  stalagmites  found  in 
certain  limestone  caves  are 

Fig.  313.  Limestone  csTes  —  atataetitea  formed  bv  this  OrOCeSS  fFlK. 
■nd  BUliEmltea.  J  i-  v    -6 

Hard  water  is  very  undesirable  for  industrial  and  household 
use  for  two  reasons.  In  the  first  place,  when  such  water  is 
used  in  a  boiler,  it  deposits  on  the  inside  a  heavy  crust  called 
boiler  scale.  This  crust  is  a  very  poor  conductor  of  heat  and 
greatly  cuts  down  the  efficiency  of  the  boiler  (Fig.  214).  In 
the  second  place,  hard  water  is  unsuitable  for  washing  pur- 
poses because  it  will  not  easily  form  a  lather  with  soap.  Soap 
reacts  with  salts  of  calcium  and  magnesium,  producing  in- 
Boluble  calcium  and  magneaium  a&\te  ol  t\ie  ^B-t^Y  acida  -. 


METHODS  OF  SOFTENING  WATER  373 

2  CiTHssCOONa  +  MgS04  — >•  (Ci7H36COO)2Mg  +  Na2S04 

These  salts  (often  called  calcium  or  magnesium  soaps)  are 
insoluble  and  form  sticky  particles  in  the  water.  Considerable 
soap  must  be  used  up  in  this  way  before 
the  colloidal  solution  of  soap  is^produced 
and  a  lather  can  be  formed.  This  is,  of 
course,  very  wasteful. 


387.  Methods     of     softening     water. 

Hardness  may  be  removed  from  water  by  a 

number  of  different  methods;     the  process  is 

called    softening    water.     Temporary    hardness  pig.  214.    Boiler  scale  in 

may  be  remxfved  by  boiling  the  water  for  a  short  a  tube. 

time ;   the  insoluble  carbonates  are  thus  precipitated : 

Ca(HC03)2  — >-  CaCOa  1 +H2O  +CO2 1 

Temporary  hardness  can  also  be  removed  by  the  action  of  lime;  this  is 
done  by  stirring  the  water  with  the  exact  amount  of  lime  necessary 
to  cause  the  following  reaction  to  take  place : 

Ca(HC03)2  +Ca(0H)2  — >-  2  CaCOs i  +2  H2O 

The  precipitate  is  then  filtered  from  the  softened  water. 

Permanent  hardness  cannot  be  removed  by  these  methods.  Sodium 
carbonate  will  remove  permanent  hardness  by  precipitating  calcium 
or  magnesium  carbonates : 

CaS04  +  Na2C03  — >-  CaCOs  i  +  Na2S04 

Industrially  the  softening  of  water  is  carried  out  on  a  large  scale, 
and  the  precipitated  material  is  filtered  off  from  the  water,  which  is 
then  ready  for  use.  In  the  household  the  softening  is  often  brought 
about  on  a  small  scale  by  the  use  of  certain  preparations  which  are 
widely  sold.  Sodium  carbonate  under  the  name  of  washing  soda 
is  often  employed.  A  small  amount  of  it  is  added  directly  to  the  water 
before  the  soap  is  introduced.  It  removes  all  temporary  and  perma- 
nent hardness,  as  just  explained.  An  excess  of  sodium  salts  has  no 
deleterious  effect  on  the  soap.  Ammonium  hydroxide  under  the  name 
of  household  ammonia  is  often  employed  in  washing.  It  precipitates 
calcium  carbonate  from  temporary  hard  water  and  from  water  con- 
taining   both    permanent    and    temporary    hardness.      Ammonium 
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oarbonate,  formed  from  the  calcium  bioarbotmtes,  acts  like  waaliiiig 
floda  in  removing  perjoanent  hardness : 

Ca(HCO.),  +  2  NH.OH  — »-  CaCO,  1  +  (NH.).CO,  +  2  H.O 
CaSO,  +  (NH,)iCO,  — »-  CaCO,  I  +  (NH,)i80, 
M^^esium  salts  cannot  be  precipitated  in  this  way.     Borax  (NaiBiOt) 
is  a  salt  of  a  very  weak  acid,  and  therefore  its  solution  ooutains  sodium 
hydroxide,  which  acts  like  am- 
monium hydroxide  in  softening 
the  water. 

A  new  method  of  softening 
water,  called  the  permutite  pro- 
cess, conaiats  in  filtering  the  water 
through  an  artificial  sodium  silioo- 
aluminate.  The  calcium  and  ma^ 
nesium  in  the  water  are  exchanged 
for  sodium  in  the  permutite,  a 
coarse  sand-like  material  (Fig. 
215)  After  12  hours'  use  one 
tank  (Fig  216)  is  filled  with  brme 
and  allowed  to  stand  the  same 
length  of  time  while  the  sodium 
in  the  brme  replaces  the  calcium 
m  the  filter  Then  the  calcium 
chloride  solution  is  dramed  off 
and  the  filter  is  agam  ready  for 
use  Thus  we  see  that  only  salt 
IS  consumed  and  the  original 
ohaiges  last  for  jears 

For    convemenoe      the     pw- 
mutitc  radical  may  be  indicated 
by  Pe  and  the  process  of  softening  water  as  follows : 

NajPe  +  CaSO,  — >-  CaPe  -I-  Na^O. 

The  reaction  for  the  regeneration  of  the  filter  by  brine  is  as  follows ; 

CaPe  +  2  Naa  — •-  Na,Pe  -|-  CaCl, 

388.  Lime,    or   calcium   oxide    (CaO).      When    limestone 

(CaCOa)   is  heated  it  gives  off  carbon  dioxide,  and  calcium 

oxide  is  left  as  a  solid : 

CaCOa  ^^  CaO  -|-  CO,  1 


^^. 
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This  reaction  is  reversible, 
and  unless  the  gas  is  con- 
tinually removed  the  ac- 
tion works  backward.  The . 
process  is  carried  out  on  a 
large  scale  in  a  furnace 
called  a  kiln  (Fig.  217). 

The  hot  gases  from  a  suitable 

fire  pass  through  the  coarsely 

ground  limestone,  which  is  thus 

heated  to  the  desired  tempera-     Kg^^g.   Perroutite w.ter-Boftemiig pluit. 

ture.    The  calcium   earbonate 

decomposes  according  to  the  reaction  previously  given,  and  the  carbon 
dioxide  is  removed  by  a  strong 
draft  through  the  kitn.  In  this 
way  the  action  goes  to  completion 
at  about  700°  to  800°  C.  The 
product  ia  often  called  quicklime. 

389.  Properties  and  uses  of 
quicklime.  Quicklime  is  a  whit« 
amorphous  substance.  It  can 
be  melted  only  with  the  great- 
est difficulty.  When  heated 
strongly,  it  glows  with  a  brilliant 
li^t  and  hence  was  formerly 
employed  in  limelights.  Cal- 
cium oxide  combines  with  water 
very  rapidly  and  vigorously  to 
form  calcium  hydroxide : 

CaO  +  HjO  — »-  Ca(OH), 

The  reaction  takes  place  with 
the  evolution  of  much  heat ;  it 
is  called  slaking.  When  ex- 
posed to  ail,  QjaR,yisa.t  ^"a**^ 


Fis.  a  1 7'    Modern  limekiln. 
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absorbs  carbon  dioxide  and  moisture.     It  is  then  said  to  be 
air-slaked  and  cannot  be  used  for  most  purposes. 

390.  Calcium  hydroxide,  or  slaked  lime  (Ca(0H)2).  The 
chief  use  of  quicklime  is  in  the  preparation  of  calcium  hydroxide, 
or,  as  it  is  often  called,  slaked  lime.  The  hydroxide  is  a  white 
substance,  only  slightly  soluble  in  water.  A  clear  solution  is 
called  lime  water.  A  suspension  of  the  hydroxide,  in  water  is 
called  milk  of  lime  and  is  generally  employed  when  we  wish 
to  use  calcium  hydroxide. 

Calcium  hydroxide  is  a  fairly  strong  base  although  we  cannot 
obtain  concentrated  solutions  of  it  because  of  its  insolubility. 
In  dilute  solutions  it  is  almost  completely  ionized.  It  is  a 
very  cheap  substance  and  is  therefore  selected  whenever  an 
alkaU  is  desired  of  which  a  concentrated  solution  is  unnecessary. 
It  is  used  to  remove  the  hair  from  hides.  Finely  ground  lime- 
stone and  air-slaked  lime  are  added  to  soils  to  neutraHze  their 
acidity.  Lime  is  also  employed  very  extensively  as  whitewash 
and  in  the  preparation  of  plaster  and  mortar.  It  is  usually 
prepared  as  needed  by  the  slaking  of  quicklime ;  it  is  the  latter 
substance  which  is  generally  sold  under  the  name  of  lime. 

391.  Mortar  and  plaster.  Mortar  is  a  mixture  of  slaked  lime 
and  sand.  It  is  used  for  holding  together  bricks  and  stone  in 
the  construction  of  buildings,  walls,  etc.  It  is  exposed  to  the 
air  for  a  long  period  in  contact  with  a  porous  surface  and  under 
these  conditions  sets  to  a  hard  mass,  which  effectively  binds  the 
materials  together.  The  setting  of  mortar  is  due  largely  to 
the  absorption  of  carbon  dioxide  from  the  air  and  to  the  pro- 
duction of  calcium  carbonate : 

Ca(0H)2  +  COa  — >-  CaCOs  +  H2O 

We  may  put  some  pieces  of  old  plaster  in  a  test  tube  and  add 
liydrochloric  acid.  The  effervescence  shows  the  presence  of  the 
tMrbonate.     The  sand  is  left  behind  undissolved  by  the  acid. 

Bome  of  the  moisture  in  the  original  mortar  is  lost  by  evapora- 
§JBD  snd  through  the  porous  bricks*,  this  contributes  also  to 
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the  formation  of  a  firm,  hard  mass.  The  crystals  of  calcium 
carbonate  interlace  with  the  sand  and  form  a  rigid  though 
porous  structure.  This  porous  structiu^  faciUtates  the  en- 
trance of  more  carbon  dioxide  into  the  interior  of  the  mass  and 
enables  all  the  mortar  to  set. 

Plaster  is  also  made  from  freshly  slaked  lime  and  sand,  but  it 
generally  contains  hair  in  addition.  This  material  serves  to 
hold  it  together.  The  setting  of  plaster  is  exactly  like  that  of 
mortar.  Recently  a  mixture  of  lime  and  cement  has  come 
into  use,  which  makes  the  use  of  hair  unnecessary.  An  outer 
coating  consisting  of  lime  and  plaster  of  Paris  together  with  a 
Uttle  glue  is  put  on  when  the  plaster  is  nearly  dry. 

Plaster  of  Paris  is  made  by  heating  gypsum  (CaS04  •  2  H2O) 
until  about  three-fourths  of  the  water  of  crystalUzation  is 
driven  ojBf: 

2  CaS04  •  2  H2O  — >-  (CaS04)2  •  H2O  +  3  H2O 

gypsum  plaster  of  Paris 

We  mix  enough  plaster  of  Paris  with  water  to  make  a  stiff  paste. 
We  then  put  a  medal  on  a  glass  square,  oil  them  both,  and  pour  the 
paste  over  the  medal  allowing  it  to  dry  for  half  an  hour ;  the  plaster 
cast  is  then  removed. 

Plaster  of  Paris  takes  up  water  of  crystallization  and  forms 
a  hard  mass.  It  is  therefore  also  useful  for  making  copies  of 
statuary  and  for  surgical  bandages. 

392.  Cement.  Mortar  depends  for  its  setting  on  the  loss  of 
moisture  and  absorption  of  carbon  dioxide.  For  this  reason 
it  cannot  be  used  under  water.  A  material  called  cement  will 
set  to  a  hard  rock-like  mass  oven  under  water ;  it  can  therefore 
be  employed  in  the  construction  of  dams,  foundations  for 
bridges,  and  similar  objects.  It  is  also  superior  to  mortar  and 
plaster  m  strength  and  firmness. 

Cement  is  made  by  heating  a  mixture  of  limestone  and  clay^  or  of 
natural  rocks  which  have  these  constituents  in  the  proper  proportion. 
The  mixture  is  pulverized  to  a  fine  powder  and  slowly  fed  into  an 
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inclined  revolving  cylinder,  through  which  hot  gases  from  a  fire  are 
passed  (Fig.  218).  In  this  way  the  material  is  subjected  uniformly 
to  the  required  temperature  and  finally  falls  out  of  the  end  of  the 
revolving  cylinder.      The  "  clinker,"  as  it  is  called,  is  cooled  and 

groimd  to  a  very  fine  powder.  In  the  process  of 
heating,  a  certain  amount  of  water  and  carbon 
dioxide  is  driven  off  from  the  mixture.  When 
this  dehydrated  powder  is  made  into  a  paste  with 
water,  it  slowly  unites  with  some  of  the  water  and 
forms  a  material  as  hard  as  rock.  It  resembles 
a  stone  found  in  Portland,  England,  whence  the 
name  Portland  cement. 


Fig.  218.    Rotary  cement  furnace. 

The  chemistry  of  the  setting  of  cement  is  not  well  under- 
stood. It  involves  the  hydration  of  the  silicates  in  the  mixtiure 
and  probably  also  of  calcium  oxide.  The  crystals  of  the 
hydrated  silicates  and  of  calcium  hydroxide  interlace  and  form 
a  hard  and  compact  mass. 

Concrete  is  a  mixture  of  cement,  sand,  and  crushed  stone 
or  gravel  made  into  a  paste  with  water.  It  sets  in  the  course 
of  a  few  days  to  a  solid  mass,  which  is  much  harder  and  has 
greater  strength  than  pure  cement.  Cement  is  never  used 
alone  but  always  as  an  ingredient  of  concrete.  The  latter  has 
rapidly  come  to  be  one  of  the  most  important  of  building 
materials.  It  is  used  for  making  bridges,  foimdations,  dams, 
walks,  fences,  and  almost  every  sort  of  conceivable  structure. 
When  the  concrete  is  to  stand  any  severe  tensile  stress,  as  in 
the  case  of  floors  of  buildings,  steel  rods  or  bands  are  embedded 
in  it  before  it  sets.  This  gives  the  mass  much  greater  strength ; 
such  a  material  is  called  reenforced  concrete  (Fig.  219). 
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393.  Other  calcium  compotuds.  Among  the  other  important 
oompouads  of  calcium  are  bleaching  powder  (CaCI(OCl)),  calcium  car- 
bide (CaCi),  and  calcium  cyanamide  (CaCN:),  ali  of  which  are  pre- 
pared from  lime.  Calcium  chloride  (CaCli)  is  found  in  sea  water  and 
is  also  a  by-produat  of  the  Solvay  process.  In  granular  anhydrous 
form  it  ia  very  deliquescent  and  hence  is  used  for  drying  gaaes.  A 
saturated  solution  freezes  at  -48°  C. ;    it  forms  the  brine  in  refriger^ 


Fis.  319.    KeiiafOTced-canctetG  building  in  pioceEB  of  coostniction. 


ating  applianoes.     Calcium  Suortde  (CaFi)  occurs  naturally  and  is 
the  ciiief  source  of  fluorine  compounds. 

AH  calcium  compotmds  give  to  a  Bunsen  flame  an  arangt  odor. 


Strontium  and  Barium  Compounds 

3M.  Strontium  and  barium  occur  in  nature  as  sulfates  and 
carbonates.  Their  compounds  are  much  rarer  than  those  of 
calcium  and  they  find  only  a  few  limited  uses.  Barium  com- 
pounds color  flames  a  yellowish  green  and  for  this  reason  are 
used  in  the  manufacture  of  fireworks. 
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We  pulverize  separately  and  with  great  care  equal  volumes  of  barium 
nitrcUe,  potassium  chlorate,  and  gum  shellac,  mix  the  powders  gently 
but  thoroughly  on  a  piece  of  paper,  place  the  mixture  in  an  iron  pan, 
and  set  fire  to  it.     This  makes  green  fire. 

Barium  chloride  is  a  crystalline  solid  which  is  soluble  in 
water.  It  is  used  in  the  laboratory  as  a  test  for  sulfuric  acid, 
barium  sulfate  being  formed  as  a  white  precipitate : 

BaCla  +  H2SO4  — ^  BaS04 1  +  2  HCl 

Barium  sulfate  occurs  naturally  as  barite,  a  white  mineral  which 
is  used  in  the  manufacture  of  paint  and  in  coating  paper. 

Strontium  compounds  hum  with  a  bright  red  flame.  The 
nitrate  (Sr(N08)2)  is  used  as  red  fire  in  pyrotechnics. 


SUMMARY  OF  CHAPTER  XXX 

METALLIC  MAGNESIUM  is  prepared  by  the  electrolysis 
of  fused  magnesium  salts.  It  is  an  active  metal  and  unites  with 
nitrogen.  It  bums  with  a  very  intense  white  light  and  is  used  in 
flash-light  powders,  fireworks,  and  in  the  alloy  magnalium. 

MAGNESIUM  OXIDE  is  prepared  by  heating  the  carbonate. 
It  is  very  infusible  and  is  used  for  making  fire  bricks.  Magnesium 
hydroxide  is  a  white  insoluble  substance. 

METALLIC  CALCIUM  is  prepared  by  the  electrolysis  of  fused 
calcium  chloride.  It  slowly  decomposes  water  at  room  temper- 
ature. 

CALCIUM  CARBONATE  occurs  in  many  forms,  such  as  marble, 
limestone,  and  chalk.  It  is  insoluble  in  pure  water  but  soluble 
in  water  containing  carbon  dioxide,  the  bicarbonate  being  formed. 

HARD  WATER  contains  dissolved  salts.  If  the  dissolved 
material  is  calcium  or  magnesium  bicarbonates  it  can  be  thrown 
out  of  solution  by  boiling.  This  is  called  temporary  hardness. 
Hardness  which  cannot  be  removed  in  this  way  is  called  permanent 
hardness. 

Hard  water  forms  a  crust  in  boilers  and  precipitates  calcium 
and  magnesium  soaps  with  soap  solutions.    Temporary  hardness 
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can  be  removed  (1)  by  boiling  or  (2)  by  slaked  lime.  Permanent 
hardness  can  be  removed  by  sodium  carbonate.  Sodium  car- 
bonate, ammonium  hydroxide,  and  borax  are  used  in  the  house- 
hold for  softening  water.  Permutite  is  used  for  softening  water 
for  industrial  purposes. 

LIME  (calcium  oxide)  is  made  by  heating  calcium  carbonate. 
Lime  rapidly  and  energetically  combines  with  water,  forming 
calcium  hydroxide  (slaked  lime).  Calcium  hydroxide  is  only 
slightly  soluble  in  water. 

MORTAR  is  a  mixture  of  calcium  hydroxide  and  sand.  It  hardens, 
or  sets,  by  the  evaporation  of  water  and  the  absorption  of  carbon 
dioxide.  Plaster  is  a  mixture  of  calcium  hydroxide,  sand,  and 
hair. 

CEMENT  is  a  partially  dehydrated  mixture  of  limestone  and 
clay.  When  mixed  with  water  it  sets  to  a  hard  mass.  This 
setting  is  due  to  the  hydration  of  certain  silicates  and  calcium 
oxide.     Concrete  is  a  mixture  of  cement,  sand,  and  gravel. 

Calcium  compounds  give  an  orange  flame. 

Strontium  compounds  give  a  crimson  flame. 

Barium  compounds  give  a  greenish  flame. 

Questions  and  Problems 

1.  What  properties  have  the  metals  of  this  family  in  common? 

2.  Write  the  equation  for  the  reaction  of  magnesium  and  dilute 
sulfuric  acid. 

3.  How  could  you  distinguish  between  Epsom  salts  and  Glauber's 
salt? 

4.  In  what  two  different  ways  could  you  obtain  carbon  dioxide 
from  magnesite?     Write  the  equations: 

6.  How  could  you  show  that  the  alkali  metals  are  more  active 
than  the  metals  belonging  to  the  family  of  alkaline  earths? 

6.  What  is  the  difficulty  about  using  hard  water  in  the  household  ? 

7.  What  are  the  consequences  of  using  hard  water  in  a  steam 
boiler? 

8.  What  are  the  results  of  using  sea  water  in  a  ship's  boiler? 

9.  What  is  the  difference  between  air-slaked  lime  and  limewater? 
10,  Why  18  it  dangerous  to  let  baxrela  ol  qyiaQ'^m^^  %jb\»  ^^1 
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11.  Compare  the  hardening  of  mortar  with  the  hardening  of  plaster 
of  Paris. 

12.  Explain  why  air-slaked  lime  can  be  used  to  "  sweeten  "  soil. 

13.  Could  you  use  a  barium  hydroxide  solution  in  place  of  limewater 
in  testing  for  carbon  dioxide? 

14.  Write  the  equation  for  making  calcium  hydroxide  into  calcium 
acid  sulfite  (Ca(HS03)2). 

16.  How  could  you  obtain  barium  sulfate  from  barium  chloride  ? 

16.  How  much  quicklime  could  be  made  from  one  ton  of  lime- 
stone which  is  97%  pure  calcium  carbonate? 

17.  What  weight  of  water  would  be  needed  to  slake  the  lime  made 
in  Problem  16? 

18.  How  many  liters  of  carbon  dioxide  at  18**  C.  and  75  cm.  pres- 
sure could  be  obtained  from  1  kilogram  of  calcium  carbonate? 

Rbview  Questions 

1.  What  is  bleaching  powder?     How  is  it  made? 

2.  Name  not  less  than  five  elements  which  would  color  a  Bimsen 
flame  and  give  the  color  in  each  case. 

3.  Give  the  formula  and  state  one  use  of  each  of  the  following :  sat- 
ammoniaCy  cream  of  tartar ^  graphite^  plaster  of  Paris,  cooking  soda,  quick" 
lime,  vinegar. 

4.  State  briefly  how  you  would  prove  that  the  atmosphere  contains 
(a)  nitrogen,  (6)  carbon  dioxide,  (c)  water  vapor. 

6.  What  elements  occur  commonly  in  organic  substances?  IJow 
can  their  presence  be  shown? 

•  ... 

Topic  for  Further  Study 

Soft  and  hard  water.  Is  the  water  used  in  your  household  soft? 
How  easily  does  it  lather  with  soap?  Compare  it  with  rain  water. 
Does  any  precipitate  form  on  the  inside  of  the  teakettle?  How  eflPeo- 
tive  is  washing  soda  in  removing  any  hardness  which  you  may  find  ? 
Try  some  of  the  cleansing  or  soap  powders  recommended  for.  use  with 
hard  water.  How  is  water  purified  for  industrial  use?  (Thorp  and 
Lewises  Outlines  of  Industrial  Chemistry.) 


CHAPTER  XXXI 

IRON  AND   STEEL 

Iron  ores  —  smelting  —  blast  furnace  —  cast  iron  — 
wrought  iron  —  steel  —  microscopic  study  of  iron  —  crucible 
steel  —  Bessemer  steel  —  open-hearth  process  —  electric 
furnace  —  hardening  and  tempering  of  steel  —  case  harden- 
ing —  special  steels  and  iron  alloys  —  comparison  of  irons 
and  steels. 

395.  Importance  of  iron.  Iron  is  doubtless  the  most  valuable 
metal  in  the  world.  Not  that  it  is  so  costly ;  indeed,  its  value 
rests  upon  its  cheapness  and  its  adaptability  to  an  enormous 
number  of  uses.  It  has  in  fact  become  a  necessity  in  our  modem 
life,  and  we  are  said  to  live  in  the  age  of  steel  and  concrete. 
Particularly  in  our  own  country  has  the  industry  of  iron  and 
steel  production  reached  such  huge  proportions  that  the  yearly 
output  approodmates  thirty  million  tons.  For  the  development 
of  this  industry  chemical  knowledge  and  engineering  have  been 
required.  In  our  present  chapter  we  shall  discuss  methods  of 
iron  and  steel  production. 

396.  Iron  ores.  The  principal  compounds  of  iron  which 
occur  naturally  are  various  forms  of  the  oxide,  the  carbonate, 
and  the  sulfide.  Of  these  the  oxides  are  the  chief  source  of 
metallic  iron.  The  most  important  iron  ores  are  haematite 
(Fe203),  magnetite  (Fe304),  limonite  (Fe203 '  3  H2O),  and 
siderite  (FeCOg). 

Metallic  iron  is  obtained  from  these  oxides  by  the  action  of 
carbon  and  carbon  monoxide  at  a  high  temperature.  The  pro- 
duction of  a  metal  from  its  ores  is  often  called  smelting.  Iron 
ore  is  never  pure  iron  oxide  but  always  contains  certain  amounts 
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of  other  mineral  matter,  auch  as  quartz  or  limestone.  For  this 
Teason  the  smelting  must  be  done  in  such  a  way  that  these  ' 
impurities  can  be  conveniently  removed. 

397.  The  blast  furnace.  The  produotion  of  iron  from  its  oree  is 
oarried  on  in  an  apparatus  called  a  blast  furnace.  It  oonaists  of  an 
iron  Htnicture  60  to  90  feet  high  lined 
with  fire  brick  (Pig.  220).  Near  the 
bottom  of  the  furnace  are  a  number  f^ 
pipes  called  tuyeres,  which  allow  a 
stream  of  hot  air  to  be  blown  into  the 
furnace.  This  air  is  usually  dried  by 
first  cooling  it  to  a  low  temperature, 
the  water  condensing  out  in  the  form 
of  ice.  Before  the  dry  air  enters  the 
furnace  it  is  preheated  by  means  of  the 
so-called  stoves  shown  as  towers  in  the 
picture  (Fig.  221),  The  charge  comists 
of  a  mixture  of  the  ore,  eokt,  and  a  rub- 
stance  called  a  flux.  The  purpose  of  the 
flux  is  to  combine  with  the  rocky  im- 
purities in  the  ore.  When  the  impiu^ 
ity  is  mostly  silica,  the  flux  is  lime- 
stone ;  if  the  impurity  is  limestone,  the 
dux  is  silica.  The  resulting  compound 
in  either  case  is  calcium  silicate  and  is 
called  slag.  The  slag  melts  at  a  lower 
temperature  than  either  the  impurities 
or  the  flux,  and  this  causes  the  whole 
mass  to  begin  to  soften  at  a  relatively 
lower  temperature ;  hence  the  name  flux  (a  flowing).  The  heat  re- 
quired for  the  process  is  generated  by  the  combustion  of  the  coke  in 
the  lower  half  of  the  furnace.  Carbon  dioxide  is  first  formed  but 
is  immediately  reduced  to  carbon  monoxide  by  the  red-hot  coke. 
Carbon  monoxide  ascends  and  meets  the  iron  oxide  in  the  upper  half 
of  the  (umace  and  there  reduces  it  to  iron : 


This  reaction  is  reversible,  and  it  is  necessary  to  have  an  excess 
of  carbon  monoxide  in  order  to  carry  it  through.  Therefore  the  gaaes 
which  escape  contain  20  to  35  per  cent  of  carbon  monoxide.    Th«7 


Blast  furnace  and  tts  stovea.   > 


THE  BLAST  FURNACE 

are  combustible  and  ure  buraed 
in  the  stoves  which  preheat  the 
incoming  air. 

The  charge  is  fed  in  throi^h 
the  hopper  at  the  top  and 
slowly  desceads  through  the 
furnace.  The  iron  and  slag  be- 
gin to  melt  and  flow  when  they 
reach  the  lower  part  of  the  fur- 
nace. The  complete  reduction 
of  iron  oxide  then  takes  place 
by  means  of  hot  carbon  : 
Fe,0,  -|-3C->-2Fe-|-3CO 
The  slag  and  the  molten  iron 
form  two  layers ;  the  latter,  be- 
ing heavier,  is  at  the  bottom. 
The  furnace  is  tapped  from  time  to  time  at  the  proper  points,  and  the 
iron  and  slag  are  separately  run  oft.  A  blast  fumade  is  kept  in  con- 
tinual operation ;  it  is  not  necessary  to  interrupt  it  until  the  lining 
has  been  worn  out.  Figure  222  shows  by  a  diagram  what  goes  into  the 
furnace  and  what  cornea  oid. 

398.  Cast  iron.  The  molten  iron  from  the  blast  furnace  is 
run  into  sand  molds  or  a  continuous  belt  of  iron  molds  (Fig. 
223) ;  the  resulting  metal  is 
called  cast  iron  or  pig  iron.  It 
is  impure  metallic  iron  and  con- 
tains about  5  or  6  per  cent 
of  impurities  including  silicon, 
manganese,  sulfur,  phosphorus, 
and  carbon.  The  latter  is  pres- 
ent in  relatively  large  amounts, 
varjdng  from  3  to  5.5  per  cent. 
The  other  impurities  exist  in 
less  amounts.  Pure  iron  melts 
at  1510"  C,  but  because  of  the 
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Diagram  showing;  what  goes   presence  of  the  impurities  cast 
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Pig  iron  can  therefore  be  easily  remelted  and  cast  into  any  de- 
sired form.  It  expands  on  solidifying,  and  consequently  the 
metal  fills  all  the  details  of  the  mold  and  makes  a  very  satis- 
factory casting.  It  is,  however,  brittle  and  has  a  rather  low 
tensile  strength.  It  camiot  be  welded.  It  is  used  for  maVing 
such  things  as  stoves,  radiators,  ornamental  iron  work,  base 
plates,  and  other  heavy  parts  of  machines. 


Fig.  133.     Pouring  molton 


molds  on  an  endlesB  belt. 


399.  Wrought  iron.  Most  of  the  impurities  in  cast  iron 
can  be  removed  by  heating  pig  iron  in  contact  with  iron  ore. 
This  is  done  in  a  reverberatory  furnace  {Fig.  224).  The  hot 
products  of  combustion,  which  are  deflected  by  the  low  roof, 
play  upon  the  pig  iron  and  melt  it.  Workmen  with  long  rods 
stir  the  molten  iron  on  a  bed  of  iron  ore  and  in  this  way  bring 
it  thoroughly  into  contact  with  the  oxide,  which  in  turn  oxidizes 
the  carbon  and  sulfur  to  volatile  oxides.  The  phosphorus  and 
,  ailicon  are  oxidized  to  theix  oyidea,  &ad  these  combine  with 
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lime  or  Bome  other  basic  oxide  which  is  preeent  and  form  a 

slag.     As  the  impurities  are  extracted  from  the  iron  its  melting 

point  rises  and  it  becomes  thicker  and  thicker.     Finally  it  ia 

removed  in  balls  on  the  ends  of  the  iron  rods.     While  still  hot 

these  balls  are  pressed  out 

into  bars,  and  the  product   , 

is  known  as  wrought  iron. 

Wrouj^t  iron  ia  a  fairly 

pwte  iron  (table   on  page 

396)  except  for  the  small 

amomit£    of    slag    which 

always   remain  in   it   and  ^  „.  ,        ^     .      t_ 

Fig.  114.   Diagram  of  levttbttatoTj  funtace. 

give  to  it  its  fibrous  struc- 
ture.   It  is  extremely  tough  and  hence  is  used  in  the  manufac- 
ture of  articles,  such  as  anchors  and  chains,  which  must  stand 
severe  and  sudden  stresses.    It  is  not  brittle  and  can  readily  be 
welded. 

400.  Steel.  The  amount  of  carbon  in  iron  greatly  influences 
its  properties.  It  ia  probably  preaent  in  the  form  of  a  com- 
pound called  iron  carbide,  or  cementite  (FejC).  Wrou^t 
iron  contains  less  than  0.2  per  cent  of  carbon ;  cast  iron,  as 
we  have  seen,  from  3  to  5.5  per  cent.  Between  these  extremes 
lie  materials  which  are  called  steel  and  which  contain  usually 
tietween  0.60  and  1.5  per  cent  of  carbon.  As  a  matter  of  fact, 
considerable  steel  (called  mild  steel)  ia  now  manufactured 
which,  as  far  as  its  carbon  content  ia  concerned  (less  than  0.2 
per  cent),  is  not  different  from  wrought  iron.  Steel  ia  more 
uniform  and  freer  from  slag  than  wrought  iron.  It  also  has  a 
greater  tensile  strength.  Wrought  iron  is  always  hammered 
out  into  the  desired  shape,  whereas  steel  is  first  poured  into  a 
mold  and  the  ingot  is  subsequently  given  a  mechanical  treat- 
ment, generally  while  still  hot.  In  contrast  with  cast  iron, 
steel  is  malleable  and  can  be  forged  and  rolled ;  as  a  rule  it  ia 
not  brittle  and  can  be  welded.  Steel  containing  more  than 
about  0.5  per  cent  of  carbon  can  be  hardened  «.^d  \(eajvt''ft&.*"«o. 
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such  a  way  that  it  becomes  very  hard  and  brittle ;   wrought 
iron,  cast  iron,  and  mild  steel  cannot  be  hardened. 

401.  Microscopic  study  of  iron  and  steel.  In  recent  years 
the  microscope  has  been  used  to  study  the  structure  of  metals. 
When  a  specimen  of  iron  or  steel  is  polished  and  then  suitably 
etched  with  weak  acids,  it  is  possible  to  detect  certain  character- 
istic (rystaUine  formations  under  the  microscope.  Figure  225 
shows  such  microphotographs  of  wrought  iron,  soft  steel,  and 


He.  »5.    HlcropbatogtaphB  of  wTOught  iion  (i),  soft  steel  (i),  uid  hardsned 
tool  iteel  (a). 

hardened  tool  steel.  This  study  is  known  as  metallog^apby, 
and  has  already  been  the  means  of  discovering  a  close  relation 
between  the  microstructure  and  the  physical  properties  of 
metals. 

402.  Crucible  steel.  Small  quantities  of  steel  of  a  high  quality 
are  made  by  melting  hither  in  clay  crucibles  a  mixture  of  iron.  Kud 
small  amounts  of  iron  oxide  or  charcoal.  The  iron  which  is  ta3ceti 
for  this  purpose  is  usually  s<n^p  st«el,  wrought  iron,  and  oooaaionaUy 
some  very  pure  p^  iron.  If  there  is  more  carbon  in  the  iron  than  ia 
desired  in  the  steel,  a  small  amount  of  iron  oxide  may  be  added  to 
oxidize  part  of  it  to  carbon  monoxide,  whioh  escapes.  If,  on  the  other 
hand,  the  iron  is  too  low  in  carbon,  charcoal  ia  put  into  the  mixture 
at  the  start.  In  maldng  crucible  steel  it  is  possible  to  add  any  given 
substance  to  the  melt  in  order  that  the  desired  product  will  be  obtained. 
This  process  is  essentially  a  simple  mixing  and  melting  tc^ether  of 
the  required  ingredients;  relatively  pwe  iron,  kowever,  mtut  be  used 
in  tie  proceie. 


BESSEMER  STEEL  389 

403.  BeBsemer  steel.  To  convert  ordinary  caat  iron  into 
steel  we  must  remove  a  large  amount  of  the  impurities.  This 
can    be    done    by    the    Bessemer 


In    this   process    an   apparatus 

called  a  converter  (Fig.  226)  is  em- 
ployed ;  this  is  made  of  steel  and 

is  usually  hned  with  silica  brick. 

It  has  a  false  bottom  so  that  a  ■*<'-| 

stream  of  air  can  be  introduced. 

The  melted  pig  iron  is  run  into 

such    a    converter,    which    holds 

about  15  tons,  and  air  is  blown 

through   the    molten   mass.     The      '" "  ' 

carbon,    silicon,    and    manganese 

are  oxidized,  and  the  heat  of  this  oxidation  is  sufficient  to  keep 

the  mass  fluid,  althoi^h  the  impurities  are  removed  as  the 
melting  point  rises.  The 
impurities  are  oxidized  first, 
and  the  process  is  stopped 
before  the  iron  itself  begins 
to  oxidize.  As  soon  as  the 
character  of  the  flame  (Fig. 
227)  shows  that  all  the  car- 
bon has  been  burned  away, 
just  the  desired  amount  of 
carbon  (usually  in  the  form 
of  a  high-carbon  iron  alloy) 
is  added  and  allowed  to  mix 
with  the  liquid  iron.  The 
whole    process    is    usually 

_,  _  „„ .      ^      -   over  in  about  20  minutes, 

Ptg.  117.    BesBeiner  convwtM  in  actian.  ' 

the  converter  is  then  tilted, 
and  the  material  run  out  into  ladles.  A  certain  amount  of 
slag  floats  on  top  of  the  steel,  and  the  ladle  is  vouKd  vo.  %uKk«. 


•HEL 


■It  iuid  steel  is  poured  into  iron 

.tt...  iieel  wire,  rods,  and  rails,  the 

...:i^<.  ual  blocks.     These  ingots  while 

. .    ,  :\>Ued  out  into  bars  and  other  de- 

.  liv  not  removed  from  the  pig  iron 
•I   these   substances,   even   in  small 


Hii!.\."''*'  ""'  ^•'■'y  deleterious  to  steel.  Hiosphonis  causes  it 
,,.  ;v  brilllc  at  ordinary  temperatures  {"  cold  short ") ; 
i«iSX«  has  the  same  effect  while  it  is  being  worked  at  a  red 
h(>Ri  \"  "^'  "l"^r*  ")-  Tf  piR  iron  containing  very  much  phos- 
pl(,^us  in  used  in  the  BesRemer  process  the  converter  must  be 
^jf^l  with  dolomite  (CaCOs  ■  MgCOa).  This  is  a  basic  lining, 
I  thn  process  is  termed  the  basic  BeBsemer ;  with  the 
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silica  lining  it  is  called  the  acid  Bessemer.  Under  basic  con- 
ditions phosphorus  is  removed  as  it  is  oxidized  to  the  oxide, 
which  then  combines  with  the  basic  lining,  forming  calcium 
phosphate. 

404.  Open-hearth  process.  The  basic  Bessemer  process 
described  in  the  last  paragraph  is  for  a  number  of  reasons  not 
entirely  satisfactory.  The  lining  is  expensive,  is  rapidly 
corroded,  and  can  be  used  only  with  certain  kinds  of  "  phos- 
phorus pig."  The  open-hearth  process  for  making  steel  has 
now  been  widely  adopted  for  pig  iron  which  contains  too  much 
phosphorus  for  the  acid  Bessemer. 

Here  the  pig  iron  and  iron  oxide,  together  with  some  flux,  are 
heated  by  a  flame  of  producer  gas  m  the  furnace  shown  in  figure  229. 
In  order  to  get  the  high  tempera- 

.  .  tA       1       t  ^SUel  in ^B making 

ture  necessary  to  melt  steel,  a  re- 
generative device  has  been  em- 
ployed. By  its  means  the  fuel  gas 
and  the  air  are  preheated  as  they 
pass  through  some  brick  work, 
whioh  itself  has  been  previously 
heated  by  the  effluent  gases  from 
the  furnace.  Oil  burners  are  now 
used  in  connection  with  open- 
hearth  furnaces,  and  powdered  coal 
has  been  tried  as  a  fuel.  It  is  possible  that  by  the  introduction  of  a 
suitable  liquid  or  solid  fuel  furnaces  in  the  future  will  be  run.  without 
the  cumbersome  regenerative  gas  system. 

The  lining  of  the  furnace  may  be  either  silica  or  dolomite,  the  pro- 
cesses being  called  the  acid  open-hearth  and  the  basic  open-hearth 
respectively.  We  shall  confine  our  attention  to  the  basic  open-hearth 
process,  which  is  used  for  pig  iron  containing  phosphorus. 

The  charge  consists  of  pig  iron  (often  mixed  with  scrap  steel), 
iron  oxide,  and  lime.  The  carbon  content  of  the  pig  iron  is  reduced 
by  the  action  of  the  iron  oxide : 


Fig.  229.    Diagram  of  an  open-hearth 
furnace. 


FeaOs  +  3  C 


2  Fe  +  3  CO 


The  iron  oxide  is  added  from  time  to  time,  and  the  molten  mass  "  boils  " 
with  the  evolution  of  carbon  monoxide.  The  phosphorus  and  silicon 
are  oxidized  and  pass  into  the  slag  by  combining  mt>k  tAy^  ^^m&.    ^\2^ 


Fit.  330.    Tapping  an  open-beutb  furnace. 
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slag  floats  on  top  of  the 
molten  steel  and  pro- 
tects it  from  the  action 
of  the  hot  flame,  which 
would  otherwise  tend  to 
oxidize  the  iron.  The 
molten  sted  is  tapped  off 
in  large  ladles  (Fig.  230). 
From  these  ladles  the 
molten  steel  is  poured  into 
ingot  molds  (Fig.  231). 
The  sulfur  content  can  be 
lowered  somewhat  in  the 
basic  open-hearth  process, 
but  this  method  is  essen- 
tially employed  for  removing  carbon  and  phosphorus.  Pig  iron  which 
is  very  high  in  sulfur  requires  a  special  treatment. 

The  basic  open-hearth  process  has  not  only  the  advantage 
that  it  refines  a  phosjJiorus  pig  iron,  but  its  product  is  also 
superior  to  that  from  a  Bessemer  converter.  The  reaction  is 
slower  and  can  be  kept 
under  better  control.  The 
product  is  more  uniform, 
and  because  the  melt  is 
carried  out  under  relatively 
quiet  conditions,  it  contains 
less  slag  and  dissolved  gases. 

Molten  steel  dissolves 
considerable  quantities  of 
carbon  monoxide  and  other 
gases,  which  it  liberates  on 
cooling.  These  gases  cause 
a  porous  structure  in  the 
steel  ingot.  The  addition 
of  small  amoimts  of  strong 
reducing  agents  to  the  melt 
Just  belore  it  is  pomedixeXfs  FiB-n^.   Pourioc  uaai  iiiv>ts. 
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fo  remove  the  dissolved  gases  and  to  give  sounder  ingots. 
Metallic  silicon  (or  ferro-silicon,  an  alloy  of  iron)  and  ferro- 
titanium  are  often  employed,  as  is  also  metallic  aluminum. 
Ferro-manganese  (an  alloy  of  manganese  and  iron)  is  also 
added  at  this  point  as  a  degasifier  and  as  a  means  of  intro- 
ducing the  small  amount  of  manganese  which  is  necessary  for 
good  steel. 

406.  Electric  furnaces.  The  production  of  steel  in  electric 
furnaces  (Frontispiece)  has  been  developed  to  some  extent 
and  seems  to  have 
certain  advantages. 
In  one  type  of  fur- 
nace, called  the  He- 
roult  (Fig.  232),  the 
heat  is  generated  by 
the  arcs  between  the 
carbon  electrode  and 
the    molten    metal. 


=^ 


—Cable* 

Water  Cooled 
Conneetiona 


Mov<ible  EHectrods 
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3  Brick 


Fig.  232.    Diagram  of  an  electric  furnace. 


The  reactions  which 
take  place  in  electric 
furnaces  are  much 
like  those  in  the  open 
hearth.  They  are 
always  lined  with  a 
basic  material  and 
therefore  readily  remove  phosphorus.  Sulfur  can  pass  into 
the  slag  only  imder  reducing  conditions.  No  strong  oxidiz- 
ing flame  is  present  in  an  electric  furnace  as  in  an  open-hearth 
furnace,  therefore  sulfur  can  also  be  eliminated.  The  electric 
furnace  enables  one  to  obtain  a  high  temperature  in  a  basic 
furnace  without  oxidation.  For  these  reasons  it  is  used  for 
purifying  steels  made  from  low-grade  pig  iron  and  scrap. 

406.  Tempering  of  steel.  As  has  been  said,  the  carbon  in 
steel  is  present  as  iron  carbide.  When  steel  first  soUdifies,  this 
iron  carbide  is  in  solution  in  an  allottopvG  iorccL  c&  \i^\3l  ^5s2^'^ 
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gamma  iron,  which  is  stable  only  at  hi^  temperatures.  On 
cooling,  a  piece  of  steel  passes  through  a  number  of  rather 
complicated  transformations  at  a  temperature  of  770**  to 
700**  C.  This  range  of  temperature  is  called  the  critical  range ;  - 
the  transformations  that  take  place  involve  the  change  of 
several  allotropic  forms  of  iron  and  the  separation  of  iron 
carbide. 

If  the  steel  is  slowly  cooled  through  this  range,  the  iron  finally 
ends  up  as  the  alpha  modification,  and  the  iron  carhide  separates  out 
in  a  certain  crystalline  condition.  The  resulting  steel  is  compara- 
tively soft.  If  steel  containing  more  than  0.50  per  cent  of  carbon  is 
quickly  cooled  (quenched  in  water  or  oil)  from  above  its  critical  tem- 
perature, the  transformations  taking  place  through  the  critical  range 
are  checked,  and  the  resulting  iron  and  iron  carbide  are  left  in  such  a 
form  that  a  very  hard,  brittle  steel  is  produced.  Such  steel  is  said  to  be 
hardened;  the  degree  of  hardness  which  results  from  the  cooling 
depends  somewhat  on  the  carbon  content  of  the  steel.  This  steel  is 
usually  too  brittle  for  most  purposes  and  can  be  softened  to  varying 
degrees  by  heating  to  certain  temperatures  and  then  again  quickly 
cooling.  This  process  is  called  tempering.  The  higher  the  temper- 
ature to  which  we  heat  the  steel  in  the  tempering  process,  the  more 
the  arrested  transformations  of  the  critical  range  can  complete  themselves 
and  the  softer  the  steel  will  be.  The  temperature  can  be  estimated 
by  the  play  of  colors  which  appear  when  the  metal  is  heated.  This  is 
due  to  the  formation  of  thin  layers  of  iron  oxides.  Steel  is  usually 
first  hardened  by  quenching  it  from  a  temperature  above  the  critical 
range;  it  is  then  reheated  to  the  desired  temperature  and  quenched 
again.  The  following  table  shows  the  colors  and  temi>eratures  for 
tempering  various  articles  of  conmierce. 


Temperatures 

Color  of  Oxide  Film 

Various  Tools 

225° -235°  C. 
236° -250°  C. 

251° -275°  C. 

276°  - 300°  C. 

Straw 
Yellow-brown 

Purple 
Blue 

Light  turning  tools 

Screw-cutting  dies  and 
taps 

Twist  drills 

Saws  and  wood-work- 
ing tools. 
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The  yellow  tints  give  very  hard  but  brittle  steels,  while  the  blue  give 
softer  and  tougher  steels. 

407.  Case  hardening.  If  wrought  iron  or  mild  steel  is 
heated  in  contact  with  powdered  charcoal  it  slowly  takes  up 
carbon.  The  carbon  seems  to  penetrate  the  entire  mass  by 
degrees.  This  was  the  old  cementation  process  of  manufactur- 
ing what  was  known  as  blister  steel.  The  same  method,  called 
case  hardening,  is  now  employed  for  producing  a  layer  of  high- 
carbon  steel  on  a  body  of  the  softer  metal.  Such  a  steel  on 
being  properly  hardened  and  tempered  has  a  hard  exterior  and 
a  tough  interior.  This  process  is  used  to  give  the  desired  hard 
surface  to  various  parts  of  machinery,  such  as  automobile 
gears ;  a  similar  method  enters  into  the  manufacture  of  armor 
plate. 

408.  Special  steels  and  iron  alloys.  A  number  of  so-called  special 

steels  have  become  of  importance  for  certain  distinct  purposes.  These 
materials  are  manufactured  by  the  open-hearth  or  crucible  process. 
Steel  containing  from  7  to  20  per  cent  of  manganese  is  exceedingly 
tough  and  resistant  to  wear.  It  cannot  be  machined.  It  is  used  for 
making  rock-crushing  machinery,  safes,  and  brake  shoes.  Chromium 
and  nickel  steels,  in  which  a  few  per  cent  of  one  or  both  elements 
are  present,  have  great  tensile  strength  and  are  very  suitable  for  mak- 
ing parts  for  automobiles.  They  have  considerable  elasticity  and 
therefore,  conform  to  the  stress  in  such  objects  as  springs,  frames,  and 
axles.  A  steel  containing  36  per  cent  of  nickel  is  called  invar;  it  is 
properly  not  a  steel  at  all  but  an  iron  alloy.  It  has  practically  no 
coefficient  of  expansion  and  is  therefore  very  valuable  in  the  manu- 
facture of  scientific  apparatus;  pendulums  are  often  constructed 
of  it.  An  alloy  of  iron  and  nickel  containing  46  per  cent  of  the  latter 
is  called  platinite ;  it  has  the  same  coefficient  of  expansion  as  platinum 
and  is  used  instead  of  this  metal  for  "  sealing  in  wires  "  in  electric- 
light  bulbs. 

Steels  containing  a  considerable  quantity  of  tungsten  or  molyb- 
denum as  well  as  chromium  are  called  high-speed  steels.  They  can 
be  hardened  and  do  not  lose  their  hardness  even  when  heated  to  a 
low  red  heat.  For  this  reason  they  can  be  used  on  a  lathe  or  similar 
machine  at  a  high  speed.  The  tools  will  cut  while  they  are  dull  red. 
An  element  called  vanadium  when  added  in  smsAL  «.t(vq»\);si\>%  \»  ^'s^Xscca. 
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vpeoial  steels  seems  to  be  of  great  benefit.  Chromittm-vanadittm 
steels  and  chromium-nickel-vanadium  steels  are  used  in  the  auto- 
mobile industry. 

Comparison  of  Irons  and  Stbbls 


PebCsittof 
Cabbon 

Stbuctxtbb 

HABDNXaS 

USBB 

Wrought  iron 

0.05-0.2 

Fibrous 

Soft 

Wire,  water  and 

steam  pii>e8,  horse- 
.  shoes,  rivets. 

Steel 

Gow-carbon) 

0.06-0.8 

Granular 

Moderately 
soft 

Structural  steel, 
shafts,  axles,  nails. 

Steel 

(high-carbon) 

0.8-1.6 

Granular 

Hard,  if 
tempered 

Tools,    springs,   per- 
manent magnets. 

Cast  iron 

3-5.5 

Crystalline 

Brittle 

Castiugs,  bases,  and 
columns. 

SUMMARY  OF   CHAPTER  XXXI 

THE  PRINCIPAL  IRON  ORES  are  oxides.  These  are  re- 
duced to  metallic  iron  by  carbon  and  carbon  monoxide  in  a  blast 
furnace.  A  flux  is  added  which  combines  with  the  rocky  im- 
purities to  form  a  slag. 

THE  PRODUCT  FROM  THE  BLAST  FURNACE  is  cast  iron. 
It  contains  6  to  6  per  cent  of  impurities,  mostly  carbon. 

WROUGHT  IRON  is  fairly  pure  iron  except  for  mechanically 
held  slag.  It  is  made  by  heating  cast  iron  in  a  reverberatory 
furnace  on  a  bed  of  iron  oxide.    It  can  be  welded  and  is  malleable. 

STEEL  usually  contains  more  carbon  than  wrought  iron  and 
less  than  cast  iron.  It  can  be  cast  and  is  malleable.  It  can  also  be 
welded.  Low-carbon  steel  is  very  much  like  wrought  iron ;  high- 
carbon  steel  can  be  hardened. 

STEEL  IS  MADE  in  the  crucible  process  from  scrap  steel  and 
wrought  iron,  or  very  pure  pig  iron.  Steel  can  be  made  from  cast 
iron  by  (1)  the  Bessemer  process,  (2)  the  open-hearth  process,  (3) 
the  electric  furnace. 
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In  the  Bessemer  process  the  molten  metal  is  oxidized  with  air, 
the  silica,  carbon,  and  manganese  being  oxidized  before  the  iron. 
The  Bessemer  converter  is  usually  lined  with  silica  and  called  the 
acid  Bessemer ;  it  may  be  lined  with  dolomite  and  is  then  called 
the  basic  Bessemer.  The  acid  Bessemer  process  will  not  remove 
phosphorus  or  sulfur.  The  basic  Bessemer  will  remove  phos- 
phorus, but  is  not  very  satisfactory. 

The  basic  open-hearth  is  the  usual  process  for  handling 
phosphorus  pig.  The  oxidation  is  carried  out  by  an  oxide^  the 
heat  being  supplied  by  gas  flames.  Phosphorus  is  satisfactorily 
removed,  sulfur  is  lowered  somewhat. 

The  electric  furnace^  used  for  refining  steel,  gives  a  high 
temperature  without  an  oxidizing  flame.  Phosphorus,  sulfur, 
and  other  impurities  are  removed  in  it 

THE  HARDENING  OF  STEEL  containing  more  than  about 
0.50  per  cent  of  carbon  can  be  done  by  heating  above  700°-770°  C, 
called  the  critical  range.  If  the  changes  through  this  range  are 
arrested  by  sudden  cooling,  a  very  hard  steel  results.  This  can 
be  softened,  or  tempered,  by  reheating ;  the  higher  the  temperature 
of  reheating  the  softer  the  steel  becomes.  A  layer  of  high-carbon 
steel  can  be  put  on  a  mild  steel  by  case  hardening. 

SPECIAL  STEELS:  Manganese  steel  is  very  tough.  Chro- 
mium and  nickel  steels  are  strong  and  somewhat  elastic.  They  are 
used  in  making  automobile  parts.  Invar ,  an  iron-nickel  alloy, 
has  no  coefficient  of  expansion.  Platinite  (46  per  cent  of  nickel) 
has  the  same  coefficient  of  expansion  as  platinum.  High-speed 
steels  can  be  hardened  and  used  for  tools  cutting  at  a  high  speed. 

Questions 

1.  Why  is  a  blast  furnace  kept  in  continuous  operation? 

2.  What  four  materials  must  be  supplied  to  a  blast  furnace  ? 

3.  What  use  has  recently  been  found  for  slag? 

4.  Why  is  iron  pyrite  never  put  into  a  blast  furnace  ? 

5.  Why  are  the  chemical  changes  carried  on  in  a  Bessemer  con- 
verter difficult  to  control  ? 

6.  Why  is  the  air  forced  into  a  blast  furnace  dried  and  preheated  ? 

7.  What  keeps  the  iron  hot  in  a  Bessemer  converter? 
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8.  Why  is  steel  made  by  the  open-hearth  process  generally  superior 
to  that  made  by  the  Bessemer  process? 

9.  What  kiid  of  iron  is  used  to  make  stoves?  chains?  hammers? 
chisels?  bridges?  safes? 

10.  What  is  the  purpose  of  a  "  purifier  *'  in  making  steel? 

11.  Which  kind  of  steel  is  most  easily  welded?     Why? 

12.  What  is  meant  by  the  "  critical  range  "  of  temperature  in 
the  heat' treatment  of  steel? 

13.  Why  is  it  more  efficient  to  use  **  high-speed  "  tool  steel  than 
ordinary  tool  steel? 

14.  What  determines  the  physical  properties  of  steel  besides  its 
chemical  composition? 

16.  Name  four  special  steels  and  give  two  uses  to  which  each  is 
adapted. 

16..  What  advantages  has  the  electric  furnace  over  other  forms  of 
furnaces  for  making  steel  ? 

Topics  for  Further  Study 

Creators  of  the  age  of  steel.  What  was  the  primitive  method  of 
obtaining  iron  from  its  ores?  How  was  the  metal  made  into  tools? 
What  have  been  the  important  modern  inventions  in  the  iron  and  steel 
industry  ?  What  men  were  closely  connected  with  their  development  ? 
Would  our  present  civilization  be  possible  without  the  blast  furnace? 
(Bird's  Modern  Science  Reader.) 

Special  steels,  their  uses  and  manufacture.  What  is  meant  by  the 
*'  heat  treatment  "  of  steel?  (Slosson's  Creative  Chemistry,  Bird* 8 
Modem  Science  Reader,  and  Spring's  Non-Technical  Chats  on  Iron  and 
Steel.) 


CHAPTER  XXXII 
THE  IRON  FAMILY 

Pure  iron  —  iron  chlorides  —  ferrous  and  ferric  oompounds 

—  oxidation  and  reduction  —  hydroxides  of  iMn  —  iron  oxides 

—  other  iron  compounds  —  ferrocyanides  —  femcyanides  — 
blue  prints  —  inks. 

Cobalt  and  nickel  —  properties  and  uses  of  the  metals  — 
typieal  oompounds. 

Having  discussed  the  preparation,  properties,  and  uses  of 
iron  and  steel,  we  shall  now  consider  iron  as  an  element  and 
shall  describe  some  of  its  compounds. 
Iron,  cobalt,  and  nickel  are  neighboring 
elements  in  the  eighth  group  of  the  peri- 
odic system.  They  occur  in  the  middle 
of  the  first  long  period  and  have  metallic 
properties;  but  they  differ  from  such 
elements  as  sodium  and  potassium  in 
their  relative  inactivity  and  the  fact 
that  their  hydroxides  are  weak  bases. 

409.  Pure  iron.  Chemically  pure 
iron  can  be  made  by  the  reduction  of 
an  iron  salt  with  hydrogen.  It  has  a 
white,  metallic  appearance  and  melts  at 
about  1500'  C.  It  is  magnetic.  Pure 
iron  is  not  a  very  active  metal  and  is  not 
affected  by  cold  water.  It  will  decom- 
pose steam  with  the  formation  of  iron 
oxide  and  hydrogen  (§  31).  It  readily  displaces  hydrogen  from 
dilute  acids  (Fig.  233).  If  heated  sufficiently  it  will  bum  in 
oxygen  with  the  formation  of  the  oidde  (^¥e^C)^- 


400  THE  IRON  FAMILY 

410.  Iron  chlorides.  When  iron  is  dissolved  in  hydrochloric 
acid  in  the  absence  of  air,  a  compound  called  ferrous  chloride 
(FeCU)  is  formed : 

Fe  +  2  HCl  — ^  FeCU  +  Hat 

The  escaping  gas  generally  has  an  offensive  odor  due  to  certain 
impurities  in  ordinary  iron.  Hot  iron  reacts  with  chlorine  gas, 
forming  scales  of  a  dark  brown  solid  known  as  ferric  chloride 
(FeCls).  The  same  compound  is  formed  in  solution  when  iron 
is  dissolved  in  aqua  regia.  Both  chlorides  of  iron  are  soluble 
in  water  and  are  used  in  the  laboratory. 

411.  Ferrous  and  ferric  compotmds.  Iron  is  an  element 
which  easily  forms  two  series  of  compounds ;  in  one  of  these  it 
has  a  valence  of  two  and  in  the  other  a  valence  of  three. 
Compounds  in  which  iron  is  divalent  are  called  ferrous  compounds 
and  those  in  which  it  is  trivalent  are  called  ferric  compounds. 
The  chlorides  just  mentioned  are  typical  examples  of  these 
two  series  of  salts.  Ferrous  chloride  in  water  gives  the  ferrous 
ion  (Fe"*"*"),  and  ferric  chloride  the  ferric  ion  (Fe+++). 

Ferrous  and  ferric  compounds  may  very  readily  be  trans- 
formed into  each  other.  If  we  treat  ferrous  chloride  with  a 
solution  of  chlorine  water  it  is  turned  into  ferric  chloride  accord- 
ing to  the  equation 

2  FeCla  +  CI2  — ^  2  FeCla 

On  the  other  hand,  if  we  boil  ferric  chloride  solution  with  iron 
filings  ferrous  chloride  is  formed : 

2  FeCla  +  Fe  — v  3  FeCU 

412.  Oxidation  and  reduction.  The  change  from  ferrous  to 
ferric  compoimds  is  called  oxidation.  The  reverse  change  is 
called  reduction.  We  have  previously  used  these  two  words 
only  when  oxygen  was  involved  in  a  reaction,  but  we  shall  now 
see  that  their  meaning  can  be  amplified.    When  carbon  mon- 

oxide  bums  it  takes  up  one  more  atom  of  oxygen,  increasing 
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its  valence  from  two  to  four.  This  is  an  oxidation  reaction. 
Carbon  is  the  positive  element  in  carbon  monoxide,  and  any 
increase  in  the  valence  of  a  positive  element  is  oxidation;  any 
decrease  in  the  valence  of  such  an  element  is  reduction.  It  is 
not  necessary  that  oxygen  be  the  negative  element  which  is 
added  to  the  compoimd  in  order  to  increase  its  valence.  In 
the  case  of  iron  chloride  the  addition  of  one  chlorine  atom  to 
ferrous  chloride  produces  ferric  chloride ;  and  this  reaction  is 
exactly  parallel  to  the  addition  of  an  oxygen  atom  to  carbon  mon- 
oxide: it  is  oxidation.  It  will  be  well  to  bear  in  mind  this  new 
definition  of  oxidation  and  reduction. 

While  the  oxidation  and  reduction  of  iron  compounds  can 
take  place  without  the  action  of  oxygen,  it  often  happens  that 
we  employ  oxygen  indirectly  for  this  purpose.  For  example, 
hydrogen  peroxide  will  quickly  oxidize  a  hydrochloric  acid  solu- 
tion of  ferrous  chloride  to  ferric  chloride  : 

2  FeCU  +  2  HCl  +  [0]  —^  2  FeCla  +  HjO 

(H2O2) 

Hydrogen  sulfide  will  reduce  ferric  chloride  to  ferrous  chloride : 
the  hydrogen  takes  chlorine  from  the  ferric  chloride  and  leaves 

sulfur  free :     ^  ^^^^  4.  h^S  — >-  2  FeCU  +  2  HCl  +  Si 

413.  Iron  hydroxides.  The  addition  of  a  base  to  a  solution 
of  a  ferric  salt  gives  a  reddish  brown  precipitate  of  ferric  hy- 
droxide : 

FeCla  +  3  NaOH  — v  Fe(0H)3  i  +  3  NaCl 

Ferrous  hydroxide  (Fe(0H)2)  can  be  similarly  precipitated 
from  a  ferrous  salt.  It  is  a  white  substance  which  is  quickly 
oxidized  by  the  air,  turns  green  and  finally  brown,  and  be- 
comes ferric  hydroxide. 

When  ferric  hydroxide  is  heated  to  a  red  heat  it  is  converted 
into  ferric  oxide  and  water : 

2  Fe(0H)3  — ^  FejOa  +  3  H^O 
2d 
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Rust  is  the  material  which  forms  on  the  surface  of  iron  when 
it  is  exposed  to  moist  air.  It  is  probably  a  mixture  of  ferric 
oxide  and  hydroxide.  Its  formation  is  hastened  by  the  presence 
in  the  air  of  carbonic  acid  and  other  acid  substances  which  help 
to  dissolve  some  of  the  iron.  Unlike  the  oxide  of  aluminum, 
rust  does  not  adhere  to  the  metal  but  keeps  peeling  off, 
exposing  new  portions  to  the  action.     For  this  reason  a  piece 


Kg.  234.    Digging  iron 


Rteun  tboveL 


of  iron  will  eventually  turn  completely  to  rust.  Different 
grades  of  iron  and  steel  rust  at  very  different  rates,  and  sev- 
eral schemes  have  been  developed  for  protecting  the  metal 
from  this  action.  Oil  is  used  to  keep  tools  from  rusting 
because,  although  oxygen  penetrates  the  oil,  moisture  does  not. 

4U.  Iron  oxides.  We  have  already  seen  that  ferric  oxide 
(FejOa)  is  the  most  important  ore  of  iron.  It  occurs  in  great 
deposits,  especially  in  northern  Minnesota  (Fig.  234).  In 
the  laboratory  it  can  easOy  be  prepared  by  heating  ferric 
hydroidde  or  other  ferric  compounds.     It  is  used  as  a  coloring 
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matter  under  the  names  of  Venetian  red  and  Indian  red.  One 
form  of  this  oxide  is  known  as  rouge ;  it  is  used  as  a  pigment 
and  for  polishing.  Various  hydrated  ferric  oxides  are  found 
naturally  and  are  ores  of  iron.  From  them  can  be  prepared 
pigments  of  different  shades  of  yellow,  orange,  and  brown. 
These  are  known  as  sienna,  burnt  sienna,  and  umber. 

Magnetic  oxide  of  iron  (Fe304)  also  occurs  naturally.  It  is 
found  in  the  form  of  a  mineral  known  as  magnetite  or  lodestone, 
which  has  magnetic  properties.  This  is  the  oxide  which  is 
produced  when  steam  acts  on  hot  iron.  It  is  a  black  material 
and  can  be  made  in  such  a  way  that  it  will  firmly  adhere  to 
iron.  A  film  of  this  oxide  prevents  rusting,  and  iron  thus 
coated  is  known  as  Russia  iron.  It  is  used  for  locomotive 
boilers. 

415.  Other  iron  compounds.  Ferrous  sulfide  (FeS)  is  formed 
when  ammonium  sulfide  ((NH4)2S)  is  added  to  a  ferrous  salt.  It  is 
a  black  insoluble  compoimd.  It  is  often  used  as  a  source  of  hydrogen 
sulfide.  Another  sulfide  of  iron  is  called  iron  pyrite  (fool's  gold)  and 
has  the  formula  FeS2;  it  occurs  abundantly  in  nature.  It  is  some- 
times used  as  a  source  of  sulfur  dioxide  since  when  it  bums  it  forms 
sulfur  dioxide  and  iron  oxide. 

Ferrous  sulfate  (Fe2S04  •  7  H2O),  called  green  vitriol  or  copperas, 
is  a  common  compound  of  iron  and  is  often  used  in  the  industries  and 
the  laboratory  when  a  soluble  iron  compound  is  desired. 

Ferrocyanides.  Potassium  ferrocyanide  (K4Fe(CN)6)  is  a  complex 
compoimd  which  is  formed  by  igniting  a  mixture  of  nitrogenous 
organic  material,  potassium  carbonate,  and  scrap  iron  and  extracting 
the  mass  with  hot  water.  It  forms  large  yellow  crystals,  whence  it  is 
often  called  **  yellow  prussiate  of  potash." 

In  this  compound  the  iron  is  bound  to  the  carbon  and  nitrogen 
atoms,  thus  forming  a  negative  radical.  A  water  solution  of  potassium 
ferrocyanide  gives  practically  no  iron  ions.  It  gives  only  potassium 
ions  (K+)  and  a  complex  tetravalent  ion  which  is  called  the  ferrocyanide 

ion   (Fe(CN)6 ).     When  potassium  ferrocyanide  and  a  ferric  salt 

are  brought  together,  a  deep  blue  precipitate  called  Prussian  blue  is 
formed.     This  compound  is  ferric  ferrocyanide: 

4  FeCU  +  3  K4Fe(CN)6  — ►  Fe4(Fe(CN)«)»  \  -k  12  KGl 
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Prussian  blue  is  used  as  a  pigment  and  sometimes  for  the  preparation 
of  laundry  bluing.  If  the  fabrics  which  are  dipped  into  this  bluing 
are  not  free  from  soap  and  alkali,  ferric  hydroxide  may  be  formed  on 
the  cloth,  producing  spots  of  iron  rust. 

Ferricyanides.  By  treating  a  water  solution  of  potassium  ferrocyanide 
with  chlorine  we  get  by  evaporation  garnet-red  crystals  of  i>otassium 
ferricyanide  (KsFeCCNJie)  : 

2  K4Fe(CN)6  +  CI2  — >-  2  KCl  -f  2  K^FeCCN). 

Potassium  ferricyanide  is  called  "  red  prussiate  of  potash  "   and  in 

solution  gives  the  trivalent  ion  Fe(CN)6 .     The  difference  between 

the  formulas  for  potassium  ferrocyanide  and  ferricyanide  can  be  re- 
membered by  noting  that  in  each  compound  there  are  six  (CN)  groups 
which  require  enough  metallic  elements  to  make  up  a  valence  of  six. 
In  the  ferricyanide^  iron  is  trivalent ;   in  the  ferrocyanidej  divalent. 

Ferrous  salts  give  with  potassium  ferricyanide  a  dark  blue  precipi- 
tate of  ferrous  ferricyanide  (Turnbull's  blue) : 

3  FeClj  +2  K,Fe(CN).  — ►  6  KCl  +Fe,(Fe(CN).)2 

We  can  test  for  a  ferrous  ion  by  using  potassium  ferricyanide; 
and  for  a  ferric  compound  by  using  potassium  ferrocyanide ;  in 
both  cases  we  obtain  a  blue  precipitate.  These  two  tests  are 
frequently  appUed  in  distmguishmg  between  ferrous  and  ferric 
salts.  We  do  not  obtain  a  dark-blue  precipitate  with  ferric 
salt  and  ferricyanide,  or  with  ferrous  salt  and  ferrocyanide. 

416.  Blue  prii^ts.  The  action  of  light  will  reduce  the  ferric 
salts  of  certain  complex  organic  acids  to  ferrous  salts.  This 
reaction  is  taken  advantage  of  in  making  blue  prints.  Paper 
can  be  treated  with  a  ferric  salt  (ferric  oxalate)  in  the  dark  and 
dried.  It  can  then  be  exposed  to  light  imder  a  photographic 
negative  or  an  ink  drawing  on  tracing  cloth.  Where  the  light 
strikes  the  paper  the  ferric  compounds  will  be  reduced  to  ferrous, 
and  the  amoimt  of  reduction  will  be  in  proportion  to  the  amoimt 
of  light  that  reaches  the  paper.  After  exposure  the  paper  can 
be  dipped  into  a  solution  of  potassiiun  ferricyanide,  and  wherever 
ferrous  compoimds  have  been  produced  TumbulPs  blue  will 
be  formed.    Where  the  paper  has  been  protected  from  the  lig^t 


INKS  405 

there  will  be  no  action,  and  the  unchanged  ferric  salt  will  be 
washed  away.  There  is  thus  left  a  blue  and  white  picture 
called  a  blue  print. 

Commercial  blue-print  paper  is  coated  with  a  mixture  of  ammonium 
ferric  citrate  and  potassium  ferrioyanide.  The  ammonium  ferric 
citrate  is  the  best  ferric  salt  for  the  purpose.  The  developer,  potassium 
ferricyanide,  is  put  directly  on  the  paper  in  the  first  place.  After 
exposure  to  light  such  a  paper  is  dipped  into  water,  and  the  blue  color 
is  formed  at  once.  It  is  then  washed  with  water  imtil  all  the  unchanged 
chemicals  have  been  removed ;   the  print  is  now  permanent. 

417.  Inks.  An  organic  compound  called  tannic  acid  is  ob- 
tained from  certain  vegetable  products  (nutgalls).  With  ferric 
salts  this  substance  forms  a  jet-black,  insoluble  ferric  tannate. 
A  niunber  of  years  ago  a  colloidal  solution  of  this  material 
in  water  was  used  as  a  writing  ink.  A  better  ink  was  later 
prepared  by  mixing  a  slightly  acid  solution  of  ferrous  sulfate 
and  tannic  acid.  Ferrous  tannate  is  soluble  and  colorless,  and 
no  black  color  is  produced  until  the  mixture  is  exposed  to  air. 
To  make  the  ink  visible  a  blue  dye  is  added;  the  writing 
slowly  turns  black  as  the  ferrous  salt  is  oxidized  and  ferric 
tannate  is  produced.  This  is  the  so-called  blue-black  ink. 
Ferric  tannate  is  particularly  suitable  as  a  writing  fluid  be- 
cause it  is  very  permanent. 

418.  Ink  spots  and  other  stains.  Ink  spots  which  are  fresh 
can  generally  be  removed  by  simply  washing  with  water,  in 
which  all  the  ingredients  are  soluble.  After  standing  for  some 
time,  however,  the  ink  spot  contains  the  insoluble  ferric  tannate. 
Such  a  spot  can  be  removed  by  treating  it  with  a  reducing 
agent  which  will  reduce  the  ferric  salts  to  ferrous.  Ammonium 
oxalate  or  a  dilute  solution  of  oxalic  acid  is  suitable  for  this 
purpose.  Lemon  juice  contains  an  organic  acid  (citric  acid) 
which  is  a  reducing  agent,  and  ink  spots  are  often  removed  in 
the  household  by  the  use  of  lemon. 

Rust  stains  are  often  rendered  soluble  by  the  same  treat- 
ment as  that  used  for  ink  spots.    Coffee  and  te«w  %tj^\S)&  <i»xs^ 
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be  washed  out  of  cotton  or  wool  hy  boiling  water  if  it  is 
applied  at  once.  Stains  on  silk  can  seldom  be  entirely  re- 
moved; hypochlorous  acid  (§  336)  should  never  be  used  on 
them. 

Water  will  take  out  sugar  and  sirup  stains.  But  for  grease 
it  is  necessary  to  use  some  other  solvent,  such  as  carbon  tetra- 
chloride or  gasolene,  and  to  absorb  the  solution  with  blotting 
paper  or  clean  white  cloth  to  prevent  its  spreading. 

Cobalt  and  Nickel 

419.  Properties  and  uses  of  the  metals.  These  elements, 
like  iron,  form  two  series  of  salts  in  which  the  metals  are  divalent 
and  trivalent  respectively.  Aside  from  their  use  in  alloys, 
the  elements  are  relatively  of  little  importance.  Both  metals 
are,  like  iron,  magnetic. 

Nickel  is  a  white,  hard,  malleable  metal  which  can  be  highly 
polished.  As  this  polish  is  not  affected  by  moist  air,  a  great 
many  objects  are  plated  with  a  thin  coating  of  nickel,  which 
gives  them  a  pleasant  appearance  and  prevents  their  corrosion. 
The  nickel  is  plated  on  by  means  of  an  electric  current. 

Nickel  is  a  component  of  a  number  of  alloys.  Monel  metal 
contains  approximately  equal  parts  of  copper  and  nickel;  it 
is  made  by  the  smelting  of  a  natural  ore  in  which  nickel  and 
copper  occur  in  these  proportions.  This  alloy  is  used  for  mod- 
em rifle  bullets,  which  are  as  hard  as  steel  and  much  heavier. 
It  is  stronger  than  ordinary  steel  and  has  valuable  acid-resisting 
properties.  Nickel  steel,  containing  about  5  per  cent  of  nickel,  is 
both  hard  and  tough ;  hence  armor  plates  for  battleships  are 
made  of  it.  Nickel  for  coinage  is  made  of  three  parts  of  copper 
and  one  of  nickel.  German  silver  contains  copper,  zinc,  and 
nickel.  All  of  th^se  alloys  find  certain  special  uses  because 
of  their  resistance  to  corrosion  by  moist  air  and  chemicals. 

Cobalt  is  a  metal  which  closely  resembles  nickel.  It  is  used 
for  making  a  few  special  alloys.     As  there  is  no  extensive  com- 
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mercial  use  for  pure  cobalt,  the  metal  is  not  extracted  on  a 
large  scale. 

420.  Typical  compotmds.  The  compounds  of  nickel  and 
cobalt  which  are  most  extensively  used  are  the  cobaltous  and 
nickelous  compounds,  such  as  cobaltous  chloride  (C0CI2)  and 
nickelous  sulfate  (NiS04).  Nickel  carbonyl  (Ni(C0)4)  is  a 
rather  interesting  tod  somewhat  important  substance :  the 
Mend  process  for  separating  nickel  from  copper  depends  on 
the  formation  of  nickel  carbonyl  and  its  subsequent  decom- 
position into  pure  nickel.  It  is  a  volatile,  colorless  liquid 
which  is  formed  by  passing  carbon  monoxide  over  warm,  finely 
divided  nickel.  On  heating  to  180**  C.  it  is  decomposed  into 
nickel  and  carbon  monoxide. 


SUMMARY  OF  CHAPTER  XXXH 

IRON,  NICKEL,  AND  COBALT  are  neighboring  elements  in 
the  eighth  group. 

PURE  IRON  is  not  affected  by  cold  water  but  when  heated 
will  decompose  steam.  It  will  bum  in  oxygen  if  heated  sufficiently 
hot.  Iron  forms  two  series  of  compounds,  the  ferrous^  in  which 
iron  is  divalent,  and  the  ferric,  in  which  it  is  trivalent 

Ferrous  compounds  may  be  oxidized  to  ferric  compounds^  and 
the  latter  reduced  to  ferrous.  Oxidation  is  a  reaction  which  in- 
creases the  valence  of  the  positive  element  in  a  molecule ;  reduc- 
tion decreases  it. 

Ferric  hydroxide  and  ferrous  hydroxide  are  insoluble  substances. 
Rust  is  a  mixture  of  ferric  oxide  and  hydroxide.  It  is  formed  by 
the  action  of  moist  air  on  iron;  it  peels  off  and  hence  does  not 
protect  the  iron. 

IRON  FORMS  THE  OXIDES  FeO,  FP2O3,  and  Fe304.  The 
latter  can  be  formed  as  an  adhering  coating  on  iron  by  the  action 
of  steam.     Such  iron  is  called  Russia  iron. 

Potassium  ferrocyanide  forms  Prussian  blue  with  a  ferric  salt. 
Prussian  blue  is  used  as  a  pigment  and  in  making  bluing. 

Potassium  ferricyanide  gives  a  precipitate  of  Tumbull's  blue 
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with  a  ferrous  salt  A  f errocyanide  is  a  test  for  a  ferric  salt,  and 
a  ferricyanide  for  a  ferrous  salt. 

BLUE  PRINTS  are  made  on  paper  coated  with  a  reduceable 
ferric  salt  and  potassium  ferricyanide.  The  ferric  salt  is  reduced 
by  light  to  ferrous.  On  being  treated  with  water  the  potassium 
ferricyanide  and  ferrous  salt  combine,  forming  Tumbull's  blue; 
the  unchanged  chemicals  are  washed  away. 

BLACK  INKS  are  made  from  ferric  tannate,  a  black,  insoluble 
material.  Blue-black  inks  contain  ferrous  tannate,  which  slowly 
oxidizes  in  the  air  to  ferric  tannate. 

COBALT  AND  NICKEL  are  both  magnetic  like  iron.  Metals 
are  often  coated  with  a  film  of  nickel  because  it  is  not  affected 
by  air  and  because  it  takes  a  polish.  Monel  metal  and  German 
silver  are  alloys  of  nickeL 

Questions 

1.  How  does  paint  protect  iroa  from  rusting? 

2.  Compare  the  rusting  of  iroa  with  the  ''  rusting  **  of  aluminum. 

3.  Why  are  the  ferric  compounds  more  stable  than  the  ferrous? 

4.  Explain  the  fact  that  a  solution  of  sodium  carbonate  precipitates 
the  hydroxide  and  not  the  carbonate  from  a  solution  of  a  ferric  salt. 

6.  Will   ammonium   hydroxide   precipitate   the   iron   hydroxide 
from  a  solution  of  any  iron  compound? 

6.  Write  the  equations  for  producing  nascent  hydrogen  and  using 
it  to  reduce  ferric  chloride. 

7.  What  other  oxidizing  agents  besides  hydrogen  i)eroxide  might 
be  used  to  change  ferrous  compounds  to  ferric? 

8.  How  would  you  prove  that  a  given  solution  contained  both 
ferrous  and  ferric  salts  ? 

9.  Why  do  the  stains  made  by  iron  inks  gradually  become  brown? 

10.  What  properties  have  cobalt  and  nickel  in  common  with  iron? 

11.  Why  is  iron  copper  plated  before  it  is  nickel  plated  ? 

12.  Name  and  give  the  uses  for  four  nickel  alloys. 

13.  What  is  the  composition  of  Tumbull*s  blue?  How  is  it  pre- 
pared? 

14.  What  precautions  must  be  taken  when  Prussian  blue  is  used 
for  laundry  purposes? 

16.  For  what  special  puri)oses  are  blue  prints  adapted? 
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ZmC,  TIN,  AND  LEAD 

Metallurgy  in  general  —  zinc  ores  —  ?inc  oxide  and 
hydroxide  —  chloride  —  sulfide,  its  precipitation. 

Metallurgy  of  tin  —  tin  plate  —  stannous  and  stannic 
salts  —  chlorides  —  stannic  acid  —  mordants  —  recovery  of 
tin  from  tin  plate. 

Metallurgy  of  lead  —  lead  alloys  —  lead  oxides  —  lead 
storage  battery  —  white  lead. 

Replacement  series  of  metals  —  corrosion  of  iron. 

421.  General  principles  of  metallurgy.  A  few  metals,  such 
as  copper,  silver,  and  gold,  occur  free  in  nature,  and  their  manu- 
facture into  articles  of  conmierce  is,  of  course,  comparatively 
simple.  For  the  most  part,  however,  the  important  metals 
are  foimd  as  compounds  containing  sulfur,  oxygen,  and  silicon. 
Many  compoimds  of  the  metals  which  occiu*  naturally  as 
minerals  are  not  suitable  for  use  in  the  preparation  of  the  free 
metals.  In  general,  the  oxides^  sulfides,  and  carbonates,  when 
they  are  mined  in  a  comparatively  pure  condition,  are  the  most 
suitable  starting  points.  Such  substances  are  called  ores,  and 
the  science  that  deals  with  the  extraction  of  metals  from  their 
ores  is  called  metallurgy. 

We  have  already  learned  that  the  active  metals,  like  sodiiun, 
aluminiun,  and  calciiun,  can  be  obtained  only  by  the  electrolysis 
of  their  fused  salts.  This  is  a  general  method  of  obtaining  the 
active  metals.  But  before  such  a  process  can  be  carried  out 
pm^  salts  of  the  elements  must  be  obtained;  for  this  reason 
and  because  large  electric  currents  are  required,  the  process  is 
relatively  diflScult  and  expensive.  In  the  production  of  iron 
from  its  ores  we  met  with  a  simpler  process  of  extraction.     In 
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this  case  the  ore  (an  oxide)  was  reduced  to  the  free  metal  by  the 
very  cheap  substance  carbon  (or  carbon  monoxide).  The  met- 
allurgy of  iron  is  a  good  example  of  the  general  method  of  ob- 
taining the  less  active  metals  from  their  ores.  By  heating  the 
oxide  of  many  metals  with  carbon  or  with  carbon  monoxide 
the  free  metal  is  obtained.  When  the  ore  is  a  sulfide  it  must 
first  be  heated  in  the  air  (roasted)  in  order  to  be  converted  into 
the  oxide. 

If  ores  contained  only  the  pure  oxide  or  sulfide,  metallurgy 
would  be  a  much  simpler  art.  But,  as  we  saw  in  the  case  of 
iron,  they  are  always  contaminated  with  more  or  less  other 
mineral  material.  This  is  called  gangue  and  usually  consists 
of  calcium  or  magnesium  silicates,  calcium  carbonate,  or  free 
siUca.  The  remoyal  of  the  gangue  is  accomplished  by  using 
as  a  flux  some  material  which  will  combine  with  it  at  a  high 
temperature  to  form  a  fusible,  glass-like  material.  The  latter 
floats  on  the  metal  and  is  called  slag.  If  the  gangue  is  essen- 
tially ail  acid  anhydride,  like  silicon  dioxide,  we  add  either 
lime  or  limestone ;  if  the  gangue  is  calcium  carbonate  (which 
goes  into  the  oxide  on  heating),  we  add  silica  as  a  flux.  In 
both  cases  the  slag  is  essentially  calcium  silicate. 

By  bearing  these  general  principles  in  mind  we  can  more 
easily  correlate  and  remember  the  metallurgy  of  the  conmion 
metals. 

422.  Metallurgy.  The  meitallurgy  of  zinc  is  simple.  The 
principal  ores  are  the  oxide  called  zincite  (ZnO)  and  the  sulfide 
called  zinc  blende  (ZnS).  The  sulfide  on  roasting  produces  the 
oxide.  The  oxide  is  mixed  with  finely  powdered  coal  and  heated 
in  earthenware  retorts  in  order  to  reduce  it  to  metaUic  zinc : 

ZnO  +  C  — >-  Zn  +  CO 

The  retorts  are  heated  above  the  boiling  point  of  the  metal 
(950°  C),  which  passes  off  as  a  gas  and  is  condensed  to  a  liquid 
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in  earthenware  or  iron  receivers.     The  molten  metal  is  then 
run  into  molds  and  allowed  to  solidify. 

423.  Properties  and  uses.  Zinc  is  a  bluish  white  metal  and 
as  it  ordinarily  comes  from  the  smelter  is  rather  crystalline 
and.  brittle.  At  a  temperature  of  about  100°  C.  it  is  malleable 
and  ductile  and  can  be  rolled  into  sheets. 

It  is  a  constituent  of  a  niunber  of  alloys,  such  as  brass  (copper 
and  zinc),  German  silver  (copper,  nickel,  and  zinc),  and  bronze 
(copper,  tin,  and  zinc).  The  metal  has  a  limited  applica- 
tion ;  it  is  used,  for  instance,  as  the  negative  plate  of  all  electric 
batteries  except  storage  batteries.  Galvanized  iron  is  iron 
covered  with  a  thin  layer  of  zinc.  This  is  done  by  dipping  the 
metal  into  molten  zinc,  or  by  a  process  of  electroplating. 

Compounds  of  Zinc 

424.  Zinc  oxide  and  hydroxide.  When  zinc  is  heated  suffi- 
ciently hot  it  takes  fire  in  the  air,  forming  the  white  oxide  (ZnO). 
The  same  oxide  may  be  prepared  by  heating  the  hydroxide  or 
zinc  carbonate.  Zinc  oxide  is  used  to  make  zinc  ointment; 
also  as  a  white  pigment  (zinc  white)  in  the  manufacture  of 
paint ;  and  very  extensively  as  a  filler  in  the  manufacture  of 
white  rubber.  Zinc  hydroxide  (Zn(0H)2)  is  precipitated  when 
sodium  hydroxide  is  added  to  a  zinc  salt.  Zinc  hydroxide, 
like  aluminum  hydroxide,  will  dissolve  in  either  acids  or  bases.. 

425.  Zinc  choride.  This  salt  (ZnCU)  is  obtained  by 
dissolving  zinc  in  hydrochloric  acid.  When  it  is  evaporated 
it  gives  a  white  solid  which  rapidly  absorbs  water  from  the  air ; 
for  this  reason  it  is  sometimes  used  as  a  drying  agent.  Solu- 
tions of  zinc  chloride  will  dissolve  oxides  of  many  metals  and 
are  therefore  valuable  for  cleaning  the  surfaces  of  metals  before 
soldering.  Wooden  posts  and  railroad  ties  which  are  impreg- 
nated with  it  are  much  more  resistant  to  the  action  of  decay  and 
disintegration;  hence  considerable  quantities  of  the  salt  are 
applied  to  this  purpose. 
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Zinc  sulfate  (Z11SO4)  is  another  common  salt  of  zinc  ^ich 
is  soluble  in  water ;  it  forms  transparent  crystals  (ZnSOi  •  7  HiO) 
which  are  called  white  vitriol. 

426.  Zinc  sulfide.  This  compound  (ZnS)  can  be  prepared 
by  the  direct  combination  of  zinc  dust  and  sulfiu*,  or  by  passing 
hydrogen  sulfide  into  a  solution  of  certain  zinc  salts. 

Zinc  sulfide  is  a  white  solid  which  is  insoluble  in  water. 
When  mixed  with  barium  sulfate  it  is  called  lithophone  and  is 
extensively  used  as  a  white  pigment.  The  action  of  the  barium 
sulfide  on  the  zinc  sulfate  is  as  follows : 

ZnS04  +  BaS  — >-  ZnS  +  BaS04 

427.  Precipitation  of  zinc  sulfide.  Zinc  sulfide  is  readily 
soluble  in  moderately  dilute  hydrochloric  acid ;  hydrogen  sul- 
fide and  zinc  chloride  are  formed : 

ZnS  +  2  HCl  — >-  ZnCl2  +  H2S 

When  hydrogen  sulfide  is  passed  into  zinc  chloride  solution, 
only  a  small  part  of  the  zinc  is  precipitated  because  this  is  a 
reversible  reaction : 

ZnCl2  +  H2S  ^=i=  ZnS  +  2  HCl 

The  condition  of  equilibrimn  will  depend  on  the  concentration 
of  the  acid  (the  concentration  of  the  hydrogen  ion)  which  is 
present.  If  we  acidify  a  solution  of  zinc  chloride,  we  cannot 
precipitate  any  zinc  sulfide  from  it  with  hydrogen  sulfide.  If  in- 
stead of  hydrogen  sulfide  we  use  ammonium  sulfide  ((NH4)2S), 
we  can  precipitate  zinc  sulfide  completely,  as  the  solution  is  now 

neutral : 

ZnCla  +  (NH4)2S  — >-  ZnS  1  +  2  NH4CI 

TjN 

428.  Metallurgy.  Tin  oxide  (Sn02)  is  the  only  important 
ore.    The  metal  is  produced  by  heating  the  oxide  with  carbon 
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in  a  reverberatory  furnace : 

SnOa  +  C  — >-  Sn  +  CO2 

The  molten  metal  which  collects  at  the  bottom  of  the  furnace 
is  drawn  off  and  cast  into  ingots.  These  are  afterwards  re- 
melted  at  a  gentle  heat,  and  the  pure  metal  flows  away  from 
the  impurities. 

429.  Tin  plate.  Tin  is  a  white  metal,  soft  and  malleable. 
Pure  tin  is  known  ordinarily  as  block  tin.  It  is  very  resistant 
to  ordinary  atmospheric  corrosion  and  for  this  reason  is  widely 
used  as  the  protective  coating  on  other  metals.  Ordinary 
tinware  (tin  plate)  is  sheet  iron  or  steel  which  has  been  coated 
with  a  thin  layer  of  metallic  tin  by  being  dipped  into  the 
molten  metal.  This  material  is  often  erroneously  called 
simply  '*  tin." 

Tin  foil  is  tin  hanmiered  or  rolled  into  thin  sheets ;  most  tin 
foil,  however,  contains  considerable  lead.  Tin  is  used  in  making 
many  alloys,  which  have  already  been  considered. 

Compounds  of  Tin 

430.  Stannous  and  stannic  salts.  Tin  forms  two  series  of 
compoimds  in  which  it  has  the  valence  of  two  and  four  re- 
spectively. These  are  called  stannous  and  stannic  salts. 
Stannous  compounds  have  a  very  decided  tendency  to  go  over 
into  stannic  compounds  and  for  this  reason  are  strong  reducing 
agents.    For  example,  ferric  chloride  is  reduced  by  stannous 

chloridp  * 

2FeCl3  +  SnCl2 — >- 2  FeCU  +  SnCU 

431.  The  chlorides  and  stannic  acid.  Tin  will  dissolve 
in  hot  concentrated  hydrochloric  acid,  producing  stannous 
chloride  (SnCU).  The  salt  crystallizes  with  two  molecules  of 
water  (SnCU -21120).  Stannous  hydroxide  (Sn(0H)2)  is  pre- 
cipitated as  a  flocculent  white  precipitate  when  a  soluble  base 
is  added  to  stannous  chloride  solution. 
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Stannic  chloride  (SnCU)  is  formed  by  the  oxidation  of  stan- 
nous chloride,  or  by  the  direct  action  of  metallic  tin  and  chlorine. 
Stannic  chloride  dijBfers  considerably  from  the  salts  of  most 
metals  in  that  it  is  a  coloriess  Uquid  which  fumes  in  moist  air. 
With  water  it  forms  a  number  of  crystaUized  hydrates.  Stannic 
hydroxide  is  precipitated  when  sodium  hydroxide  is  added  to 
a  solution  of  stannic  chloride : 

SnCU  +  4  NaOH  — ^  Sn(0H)4  +  4  NaCl 

This  hydroxide  has  properties  more  definitely  acidic  than  basic 
and  is  therefore  sometimes  called  s'tannic  acid.  It  readily 
dissolves  in  an  excess  of  sodium  hydroxide,  forming  sodium 
stannate : 

Sn(0H)4  +  2  NaOH  — ^  NagSnOa  +  3  H2O 

Stannic  acid  in  the  form  of  its  salts  is  extensively  used  in  the 
preparation  of  silk  goods.  Silk  cloth  is  treated  with  a  solution 
of  a  tin  salt  and  then  with  sodium  hydroxide.  The  cloth 
becomes  impregnated  with  stannic  hydroxide,  which  is  dis- 
tributed through  the  finished  fiber  in  some  sort  of  solid  colloidal 
solution  and  gives  to  the  goods  the  desired  weight  and  finish. 
Cotton  goods  are  rendered  noninflammable  by  a  similar  treat- 
ment. The  amount  of  stannic  acid  which  both  cotton  and  silk 
can -take  up  and  hold  is  very  surprising.  Silk  often  contains 
as  much  as  twice  its  own  weight  of  metallic  tin  in  the  form  of 
stannic  acid. 

432.  Mordants.  This  abiHty  of  fabrics  to  hold  the  hydroxides  of 
metals  like  tin  is  of  great  importance  in  the  dyeing  industry.  Many 
dyes  which  are  extensively  used  are  not  readily  absorbed  by  fabrics 
and  under  ordinary  conditions  will  either  not  dy^  the  cloth  at  all 
or  can  easily  be  washed  out.  A  number  of  them  will,  however, 
form  insoluble,  colored,  complex  compounds  with  the  hydroxides  of 
many  metals.  These  compounds  are  called  lakes  and  are  used 
to  a  certain  extent  in  the  manufacture  of  special  paints.  If  the 
hydroxide  is  precipitated  on  the  cloth  in  the  presence  of  the  dye,  it 
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will  bind  the  colored  material  to  the  fabric.  The  metallic  salts  which 
yield  such  hydroxides  are  called  mordants.  A  mordant,  therefore,  is  a 
substance  which  will  combine  with  a  dye  to  form  a  colored  compound 
and  which  is  also  held  firmly  by  the  fabric.  In  other  words,  a  mordant 
serves  as  an  anchor  between  the  dye  and  the  cloth.  Aluminum  hydroxide, 
iron  hydroxide,  stannous  hydroxide,  and  stannic  hydroxide  are  common 
mordants.  The  cloth  is  first  treated  with  the  salt  of  the  metal,  then 
with  the  dye,  and  finally  steamed;  the  steam  causes  the  hydrolysis 
of  the  salt,  and  the  hydroxide  is  precipitated.  Tannic  acid  is  also  a 
mordant  and  is  used  for  those  dyes  which  will  not  combine  with  basic 
substances  but  which  require  some  acidic  material. 

433.  Recovery  of  tin  from  tin  plate.  Great  quantities  of 
tin  enter  into  the  manufacture  of  tin  plate.  This  tin  plate  is 
used  in  the  manufacture  of  tin  cans  and  similar  objects  which 
are  soon  discarded  and  which  find  their  way  to  the  junk  heap. 
The  tin  can  be  recovered  from  such  material  by  treating  it 
with  chlorine  at  a  certain  temperature.  Stannic  chloride  is 
formed,  which  can  be  distilled  away  from  the  other  metals  and 
obtained  pure.  It  is  then  used  as  a  source  of  stannic  hydroxide 
for  the  textile  industries. 

Lead 

434.  Metallurgy.  The  commonest  ore  of  lead  is  galena, 
which  is  the  sulfide  (PbS).  There  are  two  methods  of  ex- 
tracting lead  from  its  ores  :  one  is  carried  out  in  a  reverberatory 
furnace  and  the  other  involves  the  use  of  a  blast  furnace.  The 
latter  process  is  now  most  widely  employed. 

This  blast  furnace  is  much  like  an  iron  furnace,  except  that  it  is 

shorter  and  wider.     The  charge  consists  of  ore  which  has  first  been 

roasted  in  an  open-grate  furnace.     The  roasting  -partially  converts  the 

ore  into  oxide.     The  other  materials  in  the  charge  are  coke  and  a  flux 

consisting  of  a  mixture  of  iron  oxide  and  limestone ;    the  gangue  is 

usually  quartz.     The  combustion  of  the  coke  furnishes  the  necessary 

heat,  and  the  lead  oxide  is  reduced  by  the  carbon  monoxide  and  the 

carbon ;   some  iron  is  also  formed  by  the  reduction  of  the  iron  oxide. 

This  iron  in  turn  reacts  with  the  lead  sulfide,  forming  iron  sulfide  and 

Ifi&d  * 

*  PbS  +  Fe  — ^  FeS  -\-  Pb 
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Metallio  lead  and  a  slag  form  the  two  layers  at  the  bottom  of  the 
furnace  and  are  drawn  off. 

Lead  ores  usually  contain  gold  and  silver,  which  are  found  in  the 
crude  metal.  As  molten  lead  is  an  excellent  solvent  for  these  precious 
metals,  materials  which  contain  a  small  amount  of  them  are  chosen  for 
the  flux.  In  this  way  the  process  does  two  things  at  the  same  tiihe : 
it  produces  lead  and  extracts  the  precious  metals  from  very  poor  ores. 

Lead  obtained  in  this  way  contains  a  number  of  impurities 
which  make  it  hard.  In  order  to  get  soft  lead  these  must  be 
removed.  This  is  done  by  heating  the  metal  in  a  reverberatory 
furnace  at  a  low  temperature.  A  scum  containing  most  of  the 
impurities  is  formed  and  is  skimmed  off.  Silver  is  removed  by 
the  Parke  process,  which  we  shall  consider  later. 

436.  Properties,  uses,  and  alloys.  Lead  is  a  soft,  white  metal 
with  a  brilliant  luster  when  freshly  cut.  It  is  oxidized  by  the 
air,  producing  a  thin  adhering  film,  which  protects  it.  Because 
it  is  easily  cut  and  bent,  and  because  its  edges  may  be  readily 
fused  or  soldered,  lead  is  made  into  pipes  and  sheathing  for 
cables.  It  can  also  be  rolled  into  thin  sheets  and  used  as 
lining  for  tanks,  electrolytic  cells,  and  similar  objects. 

Lead  is  a  low-melting  metal  and  is  a  component  of  a  number 
of  low-melting  alloys,  such  as  type  metal  (lead,  tin,  and  an- 
timony), solder  (lead  and  tin),  and  lead  shot  (containing  either 
arsenic  or  antimony). 

Compounds  of  Lead 

The  common  compounds  of  lead  are  those  in  which  the 
element  is  divalent  and  gives  the  ion  Pb++.  Lead  also  forms  a 
few  compounds  in  which  it  is  tetravalent,  but  these  compounds 
are  of  less  importance. 

436.  Lead  oxides.     Litharge  (PbO),  a  yellow  oxide  of  lead, 

is  made  by  heating  lead  in  air.     It  is  very  widely  used  in  the 

preparation  of  paints  and  varnishes  and  in  the  manufacture  of 

other  lead  compounds,    k  mixfcui^  oi  lithar^  and  glycerin 
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sets  to  a  very  bard  mass  and  makes  a  valuable  cemeDt  for 
laboratory  purposes. 

Another  oxide  of  lead  can  be  formed  by  beating  metallic 
lead  or  lithai^  in  the  air  at  just  the  right  temperature  (about 
400°  C.)-  This  is  a  red  substance  known  as  red  lead,  or  minium 
(PbgOt).  It  is  put  into  paints  as  a  pigment;  it  is  also  one  of 
the  substances  which  accelerate  the  drying  of  linseed  oil.  A 
paint  made  of  it  is  very  largely  used  on  iron  work  as  it  makes 
a  satisfactory  coatii^  and  is  cheap. 

Lead  dioxide  (PbOa)  is  a  brown  powder  made  by  treating 
red  lead  with  nitric  acid.     It  is  a  strong  oxidizing  agent. 


437.  Lead  storage  battery.  The  storage  battery  has  oome  to  be 
an  esB^itial  part  of  the  lighting  and  starting  equipment  of  an  auto- 
mobile. It  is  also  an  important  part  of  the  reserve  equipment  of 
eleotrio-power  stations.  It  U  not  an  apparatus  for  afortnp  up  elee- 
trieitji  which  U  to  be  drawn  out  at  some  future  time,  but  it  is  &  device 
by  which  electrical  enei^  is  used  to  produce  a  chemical  reaotion ;  when 
this  chemical  action  is  reversed  the  cell  delivers  current.  Thus  th» 
electrioal  energy  is  transformed  into  chemical  energy  in  charging,  and 
this  in  turn  can  be  converted  back  again  into  electrical  energy  m  dis- 

ahftpging 

The  usual  automobile  battery  (Pig.  235)  comprises  either  three  cells 
(6  volts}  or  six  (12  volts).  Each  cell  contains  lead  plates  dipping 
into  dilute  sulfuric  acid.  One  set  of  plates,  called  the  negative  (— ), 
i>  OT'^y  in  color  and  contains  pure,  finely  divided  lead.  The  other  set 
<rf  plates,  called  the  positive  (+)•  is  dark  brawn  in,  iif^sst  vcAy^-tKa^t^ 
2m 
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with  lead  dioxide  (PbOa).  All  the  negative  plates  of  one  cell  are 
joined  to  ohe  another,  and  the  positive  plates  are  likewise  connected. 
The  two  sets  are  sandwiched  together  with  perforated  insulators  be- 
tween. There  is  always  one  more  negative  plate  than  there  are  posi- 
tive plates  in  each  cell. 
The  reversible  reaction  which  takes  place  in  charging  and  discharging 

is  as  follows : 

Discharge  — ►- 

Pb  +  Pb02  +  2  H2SO4  ^^^:  2  PbSOi  +  2  H2O 

•< Charge 

In  discharging,  the  two  plates  come  to  the  same  condition  (PbSOi), 
and  the  acid  is  made  more  dilute  by  the  formation  of  water.  In 
practice  the  cell  is  never  allowed  to  become  completely  discharged.  In 
charging,  the  positive  electrode  (+)  is  attached  to  the  positive  terminal 
of  a  direct-current  generator,  the  plates  are  restored  to  their  original 
condition,  and  the  acid  becomes  more  concentrated. 

438.  White  lead.  One  of  the  commonest  pigments  used  in 
oil  paints  is  white  lead  (Pb(0H)2  •  2  PbCOs).  This  substance 
is  essentially  a  mixture  of  lead  hydroxide  and  lead  carbonate 
(called  a  basic  carbonate).  It  is  a  heavy,  white,  insoluble 
substance  which  when  mixed  with  linseed  oil  forms  a  white 
paint  with  great  covering  power.  It  is  often  taken  as  the  body 
in  making  colored  paints,  certain  other  pigments  being  added 
to  give  the  required  color.  The  disadvantage  in  using  white 
lead  is  that  it  turns  black  when  it  comes  in  contact  with  hydro- 
gen sulfide,  owing  to  the  formation  of  black  lead  sulfide  (PbS). 
Hydrogen  sulfide  is  always  present  in  small  amounts  in  city 
air,  and  for  this  reason  white  paint  often  turns  black.  Zinc 
oxide,  zinc  sulfide,  and  lithophone  are  superior  to  white  lead 
in  this  respect.  White  pigments  containing  zinc  will  not 
blacken  because  zinc  sulfide  itself  is  white.  Zincpaints,  how- 
ever, are  more  expensive  than  white  lead,  which  is  still  used  in 
enormous  quantities  in  the  paint  industry. 

White  lead  can  be  Aianuf actured  by  a  number  of  different  processes, 
all  of  which  depend  on  the  action  of  water,  air,  and  carbon  dioxide  on 
metallic  Jead  in  the  presence  of  a  weak  acid  like  acetic  acid.     The  old 
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Dutch  process,  which  is  still  used,  gives  &  very  fine  product.  Gratings 
of  lead  called  "buckleB"  are  put  in  pots,  as  shown  in  figure  236. 
Id  the  bottom  of  the  pots  is  placed  dilute  aoetio  acid  (vinegar).  They 
are  then  buried  in  a  mass  ot  moist  tanbark  or  mauure.  The  de- 
composition of  the  organic  material 
in  the  manure  or  bark  produces 
carbon  dioxide  and  moisture ;  heat 
is  also  given  off.  The  vapors  of  ; 
the  dilute  acetic  aoid  attack  the 
warm  lead,  forming  lead  acetate. 
The  carbon  dioxide  and  water 
react  with  this  and  produce  white 
lead.  After  three  or  four  months 
the  lead  is  completely  corroded  and 
in  its  place  is  a  maaa  of  white  lead. 
The  p^ment  is  now  separated 
from  any  unchai^^  lead,  is 
ground,  and  passed  through  sievet 
oil  and  is  sold  as  a  thick  paste. 
used  for  carrying  out  the  same  reaction  in  a  shorter  time. 


White-lead  buckles  and 
earthen  pot. 

finally  ground  in  linseed 
Several  newer  processes  are  now 


Another  pigment,  chrome  yellow,  which  may  be  mentioned 
at  this  point,  is  lead  chromate  (PbCrOi).     This  is  formed  by 
adding  potassium  chromate  (KiCr04)  to  a 
soluble  lead  salt. 

439.  The  replacement  series  of  metals. 
We  have  already  seen  that  metallic  zinc  can 
ftwo,),  replace  the  hydrogen  ion  from  an  acid 
solution  and  set  free  hydrogen  gas,  and  that 
in  the  case  of  the  halogens  there  is  a  definite 
order  in  which  one  element  can  replace 
another  from  a  solution.  Such  a  series  for 
the  metals  is  shown  below.  For  example,  a 
strip  of  zinc  placed  in  a  solution  containing 
the  salt  of  any  other  metal  below  it  in  the 
series  will  form  a  zmc  salt  and  precipitate  the  corresponding 
metal.  Figure  237  shows  zinc  replacing  lead  in  a  solution  of 
lead  nitrate.     The  reaction  is  as  follows : 


Fie.  337.    Lead  tree. 
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Zn  +  Pb(N03)2  — ^  Zn(N03)2  +  Pb 
or  Zn  +  Pb-H-  — ^  Zn++  +  Pb 

It  should  be  noticed  that  hydrogen  is  given  a  place  in  the 
series  because,  like  the  metals,  it  forms  a  positive  ion.  Any- 
metal  above  hydrogen  can  replace  this  element  from  an  acid ; 
for  example,  zinc  and  dilute  sulfuric  acid : 

Zn  +  H2SO4  — ^  ZnS04  +  H2 
or  Zn  +  2  H+  — ^  Zn++  +  H2 

Elements   below   hydrogen   do   not   liberate    hydrogen  when 
brought  into  contact  with  acids.     The  higher  members  of  the 

series  are  so  active  that  they  decompose 

RjBPLACinaENT  Series  ,  rm      ,    »       ,i  t  < i       i        i 

OF  Metals  Water.     That  IS,  they  replace  the  hydro- 

Potassiimi  S^n  from  water,  which  gives  only  a  very 

Sodiimi  minute  concentration  of  hydrogen  ions. 

Calciimi  ^^®  metals  below  aluminum  have  no  ap- 

Magnesium  preciable  action  with  hot  or  cold  water 

Alimiinimi  ^^^  ^^^  therefore  considered  as  relatively 

2inc  inactive  metals. 

Iron  **0.  The  corrosion  of  iron.    We  can 

Tin  now  apply  what  we  have  just  learned  to 

Lead  ^  consideration  of  an  important  industrial 

Hydrogen  problem,  namely,  the  corrosion  of  iron. 

Copper  Absolutely  pure  iron  is  attacked  only  very 

Mercury  slowly  by  dilute  acids  and  therefore  very 

Silver  slowly  by  the  atmosphere.     Impurities  in 

Platinimi  ^*  ^^^^  ^  ^*  ^P  ^^^y  electric  cells  which 

Gold  greatly  hasten  the  solution  of  the  iron. 

For   this    reason    impure    metals    often 

corrode  faster  than  very  pure  ones.     There  are  three  general 

methods  of  preventing  the  corrosion  of  iron  : 

In  the  first  method  we  merely  cover  the  iron  with  some  sort  of 
resisting  paint  which  will  adhere  to  it  and  as  completely  as  possible 
shut  out  air,  carbon  dioxide,  and  water.    A  similar  method  substitutes 
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for  the  paint  a  thin  coating  of  some  fusible  silicate ;  various  grades  of 
enamel  ware  are  made  in  this  way. 

The  second  method  consists  of  coating  the  iron  with  an  element  like 
zinc  (galvanized  iron)  which  stands  above  it  in  the  replacement  series. 
At  first  sight  it  seems  rather  remarkable  that  a  more  active  metal 
should  be  able  to  protect  iron  from  corrosion.  Since  the  zinc  is  more 
active  than  the  iron,  it  goes  into  solution,  and  hydrogen  comes  out  of 
solution  on  the  iron  surface,  which  is  not  attacked.  As  long  as  any 
zinc  coating  is  left  it  will  go  into  solution  instead  of  the  iron.  In 
this  way  the  iron  is  protected. 

The  third  method  of  protecting  iron  involves  coating  it  with  some 
less  active  metal  like  tin  (tin  plate).  In  this  case  we  dei)end  on  the 
inactivity  of  tin  to  prevent  any  corrosion  at  all;  this  is  satisfactory 
as  long  as  the  tin  coating  is  perfect.  If  corrosion  starts,  both  the  iron 
and  the  tin  come  into  contact  with  slightly  acid  solutions,  and  the  very 
worst  possible  conditions  are  at  hand.  Iron  being  more  active  than 
tin  goes  into  solution,  and  hydrogen  is  deposited  on  the  tin,  which  is 
not  changed.  Therefore,  as  soon  as  tin  plate  begins  to  corrode,  it 
disintegrates  more  rapidly  than  pure  iron. 

SUMMARY  OF  CHAPTER   XXXIH 

ZINC  is  made  by  reducing  the  oxide  with  carbon  and  distilling 
off  the  metal.  It  is  a  component  of  brass  and  bronze.  It  is  used 
in  electric  batteries  and  for  coating  iron  (galvanized  iron). 

Zinc  oxide  is  used  in  making  zinc  ointment  and  as  a  paint 
pigment  Zinc  hydroxide  acts  as  a  base  with  strong  adds  and  as 
an  acid  with  strong  bases.  It  dissolves  in  sodium  hydroxide, 
forming  sodium  zincate.  Zinc  chloride  is  used  to  clean  metals 
before  soldering  and  as  a  wood  preservative.  Zinc  sulfide  is 
precipitated  by  anmionium  sulfide.  It  is  a  white  solid  and  is  used 
as  a  white  pigment. 

TIN  is  obtained  by  reducing  the  oxide  with  carbon.  It  is  not 
corroded  by  the  atmosphere  and  is  used  for  coating  iron. 

It  forms  two  sets  of  compounds:  stannous  (divalent)  and 
stannic  (tetravalent).  Stannous  chloride  is  made  by  the  action  of 
hydrochloric  acid  on  tin.  It  is  used  as  a  reducing  agent.  Stan-- 
'  nic  chloride  is  a  liquid,  formed  by  the  action  of  chlorine  on  tin. 
Stannic  hydroxide  is  acidic  and  is  often  called  stannic  add.  It  is 
absorbed  by  silk  and  cotton. 
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Hydroxides  of  tin,  iron,  and  aluminum  act  as  mordants: 
they  anchor  the  dye  to  the  cloth. 

LEAD  occurs  chiefly  as  a  sulfide.  The  ore  is  first  roasted  and 
then  reduced  in  a  blast  furnace.  It  is  used  for  piping,  as  a  covering 
for  cables,  and  in  alloys,  such  as  type  metal,  solder,  and  shot. 

Lead  forms  the  oxides:  litharge,  red  lead,  and  lead  dioxide. 
The  first  two  are  used  in  paints  and  the  last  is  used  in  storage 
batteries.  White  lead  is  a  basic  carbonate  of  lead.  Chrome 
yellow  is  lead  chromate. 

IN  THE  REPLACEMENT  SERIES  OF  METALS  the  posi- 
tion of  any  metal  depends  upon  its  relative  tendency  to  ionize. 
Any  element  will  replace  any  other  element  that  stands  below  it. 

IN  THE  CORROSION  OF  GALVANIZED  IRON  the  more 
active  metal  zinc  goes  into  solution;  in  the  case  of  tin  plate  the 
iron  goes  into  solution.  Tin  protects  iron  only  as  long  as  the 
entire  surface  is  covered. 

Questions 

1.  Why  are   there   so   many   electrochemical   works   located  at 
Niagara? 

2.  Name  two  reducing  agents  commonly  used,  in  metallurgy. 

3.  Explain  the  meaning  of  these  terms :  gangue,  flux,  and  slag, 

4.  What  advantages  as  a  paint  has  zinc  white  over  white  lead? 

5.  What  use  has  a  tinsmith  for  a  solution  of  zinc  chloride? 

6.  When  zinc  sulfate  solution  is  tested  with  litmus,  it  shows  an  acid 
reaction.     Explain. 

7.  How  would  you  test  for  the  presence  of  zinc  ? 

8.  What  are  the  disadvantages  in  using  tin  plate  for  covering  roofs? 

9.  What  is  the  fimction  of  a  mordant?     Name  three  and  give 
their  formulas. 

10.  What  is  the  formula  for  minium?  white  lead?  block  tin?  litharge f 

11.  What  advantages  has  lead  for  making  water  pii)es?  What 
disadvantages? 

12.  Why  are  pipes  made  of  block  tin  commonly  used  in  connections 
for  soda-water  fountains? 

13.  What  is  galvanized  iron? 
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14.  What  is  the  funotion  of  red  lead  in  paints  and  varnishes? 

16.  What  is  the  change  in  the  density  of  the  electrolyte  in  a  lead 
storage  battery  during  discharge? 

16.  What  is  the  equation  for  the  chemical  change  involved  in  charg- 
ing a  lead  storage  cell? 

17.  Sununarize  the  facts  you  have  learned  from  studying  the 
replacement  series  of  metals. 

18.  Explain  why  iron  when  coated  with  zinc  is  protected  more 
effectively  than  when  coated  with  tin. 

Topic  for  Further  Study 

The  corrosion  of  iron  and  steel.  What  are  some  of  the  modem 
methods  of  preventing  corrosion?  Special  iron  alloys  ("  Duriron  '* 
and  **  Buflokast "  iron,  for  example)  are  very  resistant  to  corrosion. 
What  do  they  contain  besides  iron?     (Slo88on*8  Creative  Chemistry.) 
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COPPER,  MERCURY,  AND  SILVER 

Metallurgy    of    copper  —  properties    and    uses  —  copper 
oxides  and  sulfate  —  electric  cell. 

Mercury  —  mercurous  and  mercuric  chloride. 

Metallurgy    of    silver  —  silver    nitrate  —  silver    halides  — 
photography  —  separation  of  metals  into  groups. 

441.  Position  in  the  replacemei^t  series.  It  will  be  noted 
that  the  metals  zinc,  tin,  and  lead  come  in  the  replacement 
series  just  above  hydrogen.  In  this  chapter  we  shall  study 
copper,  mercm*y,  and  silver,  which  come  just  bdow  hydrogen. 
In  the  following  chapter  we  shall  consider  platinum  and  gold, 
the  lowest  members  of  this  series  of  metals.  We  shall  also 
see  that  this  replacement  series  has  a  very  important  meaning 
in  electrochemistry. 

Copper 

442.  Metallurgy.,  Free  copper  is  found  in  large  quantities 
in  the  Lake  Superior  region.  In  order  to  isolate  native  copper 
it  is  necessary  only  to  grind  the  rock  to  a  powder  and  then  to 
heat  it  until  the  metal  runs  together  and  flows  to  the  bottom 
of  the  mass. 

In  Arizona  copper  is  found  as  a  basic  carbonate  called  mala- 
chite (Cu2(OH)2C08)  and  in  some  places  as  the  oxide  cuprite 
(CU2O).  The  carbonate  and  oxide  ores  require  only  coal  and 
heat  to  remove  the  oxygen. 

In  Montana  (Fig.  238)  and  Utah  the  copper  occurs  as  sulfides, 
copper  p3rrite  (CuFeS2)  and  chalcocite  (CU2S).  The  extraction 
of  copper  from  the  sulfide  ores  is  difficult  and  often  requires 
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very  complicated  methods  of  treatment.  This  is  the  case 
because  the  iron  sul&de  has  to  be  separated  from  the  copper 
by  changing  it  first  into  an  oxide  (by  roasting)  and  then  into 
a  siUcate  (with  sand).  The  iron  sihcate  forms  a  Sux  ^icb 
separates  from  the  molten  copper  and  copper  sulfide. 

The  first  step,  which  cwnBists  in  ooaverting  some  of  the  sulfides  to 
orides,  is  oarried  out  in  a  reverberatory  furnace  or  a  small  blast  furnace. 
The  product  of  this  melting  is 
called  the  matte,  and  contains 
aboutSOperoentoopper.  In  the 
second  step  the  molten  matte 
is  run  into  a  small  oonverler 
lined  with  sand.  A  blast  of  air 
is  forced  in  below  the  surface 
of  the  molten  ma«a:  the  sul- 
fur is  oji^dized  and  passes  off 
as  sulfur  dioxide,  and  the  iron 
unites  with  the  siliceous  lining 
of  the  converter  and  forms  a 
liquid  slag.  When  the  impuri- 
ties are  oxidized  as  far  as  pos- 
sible, the  slag  is  first  run  off, 
and  then  the  melted  cop- 
per is  cast  into  plates,  known  i 

443.  Low-grade  copper  ores, 
aad  practicable  to  utilize  ore  containing  even  so  small  an  amount  of 
copper  as  only  2  per  cent.  By  means  of  the  &oth  flotation  process  about 
85  to  90  per  cent  of  the  copper  is  recovered.  The  ore  is  first  crushed  to 
a  fine  powder  and  then  mixed  with  water  containing  some  cheap  oil 
and  sometimes  a  little  sulfuric  acid.  This  mixture  is  stirred  vigorously 
and  then  allowed  to  flow  into  a  large  tank  of  water.  Here  the  rock 
material  at  once  settles  to  the  bottom,  while  the  bits  of  ore  are  held  in 
the  oily  froth  whiuh  rises  to  the  top. 

444.  Electrolytic  refining.     The  copper  obtained  from  the 

smelters  always  contains  small  amounts  of  other  metals,  in- 
cluding gold  and  silver.  But  even  small  amounts  of  impurities 
greatly  impair  the  electrical  conductivity  of  copper ;  therefore 
this  metal  must  be  further  refined  beloT«\)^\a%\is)i&- 


anodes,  for  electrolytic  refining. 
!|!t  has  recently  been  found  possible 
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This  is  done  by  a  process  of  electroljsis.  Thin  strips  of 
pure  copper  are  made  the  cathode  in  a  solution  of  copper  sul- 
fate (CuSOi) ;  thick  plates  of  impure  copper  form  the  anode 
(Fig.  239),  A  current  is  passed  through  the  cell,  and  elec- 
trolysis takes  place.    The  current  is  carried  through  the  solu- 


tion by  the  copper  ions  {Cu""^),  metallic  copper  is  deposited  at 
the  cathode  and  dissolved  at  the  anode.  The  copper  thus 
obtained  at  the  cathode  is  very  pure  (about  99,8  per  cent) ; 
the  impmities  for  the  most  part  drop  to  the  bottom  of  the  tank 
and  form  what  is  known  as  the  anode  Glime.  The  amount  of 
gold  and  silver  recovered  from  the  slime  is  often  sufficient  to 
pay  lor  thiB  extra  etep  in  the  refining  of  the  copper. 
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416.  Properties  and  uses.  Copper  is  a  malleable,  ductile 
metal.  It  is  the  best  conductor  of  electricity  known,  except 
silver.  Copper  is  not  aflFected  by  dry  air  but  is  slowly  at- 
tacked under  ordinary  atmospheric  conditions,  forming  a 
coating  of  a  green  basic  carbonate.  This  coating  is  adherent 
and  protects  the  metal  from  further  action. 
^Copper  in  the  form  of  wire,  bars,  etc.,  is  very  widely  used  as 
a  conductor  of  electricity.  Because  of  its  resistance  to  cor- 
rosion, metal  roofing  for  buildings  and  coverings  for  ships' 
bottoms  are  made  of  it. 

Two  widely  used  alloys  of  this  metal  are  brass,  an  alloy  of 
copper  and  zinc,  and  bronze,  an  alloy  of  copper  and  tin.  Phos- 
phor bronze  contains  in  addition  to  these  metals  one  to  four 
per  cent  of  phosphorus,  which  is  present  as  the  phosphide  of 
one  of  the  metals.     It  is  a  hard  alloy  not  easily  corroded  and 

is  used  for  making  such  things  as  ships*  propellers  and  shafting. 

« 

Compounds  of  Copper 

446.  Two  series  of  copper  compounds.  Copper  is  like  iron 
in  that  it  forms  two  sets  of  compounds :  the  cuprous  compounds, 
in  which  it  is  monovalent ;  and  the  cupric  compounds,  in  which 
it  is  divalent.  Most  of  the  common  compounds  are  cupric 
salts. 

447.  Oxides  of  copper.  The  most  important  cuprous  copi- 
pound  is  the  red  oxide  of  copper,  cuprous  oxide  (CU2O),  which 
is  formed  in  testing  for  glucose  by  means  of  Fehling's  solution. 
This  solution  contains  copper  sulfate  (CUSO4),  potassium  hy- 
droxide, and  Rochelle  salt  (NaKC4H406  •  4  H2O).  When  glu- 
cose is  added  to  it  and  the  mixture  is  boiled,  cuprous  oxide 
separates  as  a  red  precipitate. 

Black  oxide  of  copper,  cupric  oxide  (CuO),  can  be  made  by 
heating  copper  in  air  and  also  by  heating  cupric  hydroxide, 
nitrate,  or  carbonate : 

Cu(OH)a  — ►  CuO  +  H^ 
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448.  Ciqiric  sulfate,  or  blue  vitriol  (CUSO4  ■  5H]0).    The 

hydrated  sulfate  of  copper,  or  bluestone,  is  the.  most  important 
of  8,11  the  compound  of  copper. 
It  foims  large  blue  crystals.  It  is 
used  in  gravity  cells  (Fig.  240),  in 
copper  plating,  and  in  electrotyping. 
A  mixture  of  copper  sulfate  and 
slaked  lime,  known  as  Bordeaux 
mixture,  is  employed  as  a  fungicide 
to  spray  fruit  trees,  grapevinea,  and 
potato  plants  (Fig.  241).  When  the 
salt  is  added  m  minute  quantities 
\o  water  containing  green  pond 
scum,  the  plants  (algfe)  are  killed. 
419.  The  electric  cell.    We  have 

already  seen  (§  173)  that  when  zinc  dissolves  in  an  acid  the 

electric  positive  charges  are  transferred  from  the  hydrogen  ions 

to  the  zinc  atoms : 

Zn  +  2  H+  —*-  Zn++  +  H* 

If  we  place  a  strip  of  pure  zinc  and  another  of  pure  oopper  in  a 
beaker  of  dUute  sulfuric  acid,  we  have  a  very  simple  electric  coll.  It 
will  be  remembered  that  pure  zino 
acts  but  very  slowly  on  dilute 
acid,  and  hence  only  a  alight  ac- 
tion will  be  noticed  between  the 
zinc  and  the  acid  and  none  at  all 
with  the  copper.  If,  however,  we 
connect  these  two  atripa  of  metal 
by  a  copper  wire  (Fig.  242),  we 
shall  see  many  bubbles  of  gas 
(hydrogen)  coming  from  the  <'«p- 
per.  If  we  allow  the  action  to 
continue  for  some  time,  we  shall  copyrigh 
find  that  the  zine  atrip  baa  visibly  "*■  ^^'^ 
diminished  and  that  the  solution 
contains  zinc  ions.     The  copper 
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changed,  but  considerable  hy- 
drogoa  has  been  liberated.    If  we  oonneot  a  eeMitive  voltmeter  between 
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the  two  strips,  we  find  that  a  current  is  flowing  from  the  copper  (posi- 
tive plate)  through  the  wire  to  the  zinc  (negative  plate).  The  ions 
of  the  electrolyte  carry  the  electric  current  inside  the  cell  from  the  zinc 
to  the  Qppper.  Thus  the  chemical  action  between  the  zinc  and  the  add 
has  been  utilized  to  generate  an  electric  current.  Any  electric  ceU  is  a 
device  for  converting  chemical  energy  directly  into  electrical  energy. 

When  any  two  metals  in  the  replacement  series  are  placed 
in  a  suitable  electrolyte,  they  constitute  a  cell  in  which  the 
metal  higher  in  the  series  is  the  negative 
pole  and  the  lower  one  the  positive. 
The  farther  apart  any  two  metals  stand 
in  the  series,  the  greater  is  the  voltage 
produced  by  those  two  metals  when 
used  in  a  cell.  For  this  reason  the  re- 
placement series  is  sometimes  called  the 
electromotive  series. 

We  have  already  seen  (§  32)  that  the 
action  of  acid  on  zinc  in  a  hydrogen 
generator  is  greatly  hastened  by  adding 
copper  sulfate.    The  reason  for  this  is,  "^suiphwic 

that  a  Uttle  copper  is  deposited  on  the   Fig.  242.    Simple  electric 
zinc,  which  sets  up  a  nmnber  of  small  ^^^' 

local  electric  cells.  For  the  same  reason  impure  zinc  dissolves 
rapidly  in  acids. 

460.  Electrons  in  the  electric  cell.    When  the  zinc  forms 
zinc  ions,  each  atom  of  zinc  loses  two  electrons : 


Zn-2e 


Zn++ 


These  electrons  have  flowed  through  the  copper  wire  from  the 

zinc  into  the  copper  strip  and  have  there  supplied  the  necessary 

electrons  to  convert  hydrogen  ions  into  hydrogen  atoms  and 

molecules : 

2  H++2  e  — ►  2  H  — ►  H2 

In  this  way  by  making  a  complete  circuit  through  which  the 
electrons  may  travel  and  meet  the  hydto^xi  Sssv^  ^\»  ^^sj^'^^st 
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point  in  the  solution,  we  have  made  zinc  go  into  solution  faster 
than  it  otherwise  would.  It  must  always  be  kept  in  mind 
that  the  flow  of  an  electric  current  (as  the  term  is  used  by 
electrical  engineers)  is  in  just  the  opposite  direction  to  -that  of 
the  electrons. 

Mbrcuby 

461.  Occurrence  and  metallurgy.  The  principal  ore  of 
mercury  is  the  sulfide  (HgS),  which  is  called  cinnabar.  The 
chief  mines  are  in  Spain  and  California. 

Since  mercury  is  volatile  and  not  readily  oxidized,  it  is  easy 
to  obtain  the  metal.  The  crushed  ore  is  mixed  with  a  little 
carbon  and  roasted  in  a  current  of  air.  The  sulfur  bums  to 
sulfur  dioxide,  and  the  mercury  vaporizes  and  is  condensed  : 

HgS  +  O2  — ^  Hgt  +  SOat 

The  metal  is  redistilled  to  purify  it. 

462.  Properties  and  uses.  Mercury,  or  quicksilver,  is  a 
silver-white  liquid  which  is  13.6  times  as  heavy  as  water. 

We  may  pour  some  mercury  into  a  glass  tumbler  and  place  an  iron 
ball  in  the  liquid.     The  iron  (sp.  gr.  7.9)  floats. 

It  freezes  at  about  —39°  C.  and  boils  at  357°  C.  It  forms 
alloys  (called  amalgams)  with  nearly  all  metals  except  iron 
and  platinum. 

On  account  of  its  high  specific  gravity  the  metal  is  used  to 
fill  barometers,  and  because  it  expands  imiformly  it  is  put  into 
thermometers. 

Compounds  of  Mercury 

453.  Mercurous  chloride,  or  calomel  (HgCl).  This  is  one 
of  the  three  insoluble  chlorides  and  therefore  can  be  precipitated 
by  adding  a  soluble  chloride  to  a  solution  of  mercurous  nitrate : 

NaCl  +  HgNOa  — ►  HgCl  I  +  NaNOa 
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It  is  a  white  solid  which  is  commonly  used  in  medicine  to 
stimulate  all  organs  producing  secretions. 

454.  Mercuric  cUoride,  or  corrosive  sublimate  (HgCl2). 
Mercuric  chloride  is  a  white  solid,  soluble  in  water;  it  is  a 
violent  poison.  It  is  made  conmiercially  by  heating  a  mixture 
of  conmion  salt  and  mercuric  sulfate.  The  sulfate  is  pre- 
pared by  the  action  of  concentrated  sulfuric  acid  upon  mercury. 
A  very  dilute  solution  of  mercuric  chloride,  sometimes  called 
the  bichloride  of  mercury,  is  used  as  an  antiseptic  for  sterilizing 
surgical  instruments. 

Silver 

466.  Metallurgy.  Silver  is  very  largely  obtained  through 
the  desilverization  of  lead  by  Parke's  process.  Molten 
lead  is  treated  with  a  small  amount  of  zinc,  whereupon  an  alloy 
of  zinc  and  silver  rises  to  the  top  and  is  skimmed  off.  This 
alloy  also  contains  any  gold  which  may  be  present.  By  heating 
it  in  a  retort  the  zinc,  which  is  a  volatile  metal,  can  be  distilled 
off.  The  residue,  containing  lead,  silver,  and  gold,  is  heated 
on  a  shallow  dish  in  an  open  furnace.  The  lead  is  oxidized 
to  the  oxide,  which  melts  and  flows  away,  leaving  a  molten 
button  of  silver  and  gold  behind. 

The  silver  is  separated  from  the  gold  by  dissolving  the  button 

in  hot  concentrated  nitric  acid.     The  silver  goes  into  solution  as 

silver  nitrate,  and  the  gold  is  unchanged.     MetaUic  silver  is 

thrown  out  from  such  a  solution  by  plates  of  copper  which  are 

hung  in  it : 

2  AgNOs  +  Cu  —^  Cu(N08)2  +  2  Ag  1 

The  metallic  copper  goes  into  solution,  replacing  the  silver. 

466.  Uses.  Silver  is  primarily  used  in  the  making  of  coinage, 
jewelry,  and  ornaments,  and  in  the  plating  of  tableware.  For 
coinage  it  is  alloyed  with  about  ten  per  cent  of  copper  in  order 
to  make  it  more  resistant  to  the  wear  and  tear  of  common  use'. 
British  coins  contain  92.5  per  cent  silver;  this  is  an  alloy 
known  as  sterling  silver. 
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467.  Cleaning  silver.  Silverware  tarnishes  owing  to  the  forma- 
tion of  a  black  layer  of  silver  sulfide  ( §  188).  This  is  usually  removed  by 
polishing  with  some  slightly  abrasive  material.  A  recent  method 
consists  in  boiling  the  silverware  in  an  aluminum  vessel  containing  a 
solution  of  sodium  carbonate.  The  metallic  aluminum  in  contact 
with  the  silver  and  the  solution  forms  the  negative  pole  of  an  electric 
cell ;  the  silver  serves  as  the  positive  pole.  Aluminum  ^oes  into  solution 
at  the  negative  pole  and  hydrogen  is  formed  at  the  positive  pole.  This 
hydrogen  reduces  the  silver  sulfide  to  metallio  silver.  In  this  way  all 
the  silver  sulfide  is  gradually  converted  into  metallic  silver,  which  is 
deposited  on  the  original  ware.    The  equations  are  ; 

Al-3e — >-Al+++ 
2H+-f  2  c — >-2[H] 
2[Hl  +  Ag,S — >-2Ag  +  H,S 


Compounds  of  Silver 

468.  Silver  nitrate  (AgNOs).  This  compound  is  readily- 
prepared  by  dissolving  silver  in  nitric  acid  and  evaporating 
the  solution : 

3  Ag  +  4  HNOs  — ►  3  AgNOs  +  NO  t  +2  H,0 

It  melts  easily  without  decomposition  and  may  be  cast  into 
sticks  (lunar  caustic),  which  are  sometimes  used  in  surgery 
to  bum  away  abnormal  growths.  It  is  the  main  source  of 
other  silver  compounds. 

469.  Silver  halides.  We  have  already  learned  that  when  a 
soluble  chloride  is  added  to  a  solution  of  a  silver  salt,  a  white, 
curdy  precipitate,  silver  chloride  (AgCl),  is  formed : 

AgNOs  +  NaCl  — ►  AgCl  I  +  NaNOs 

In  a  similar  way  we  may  prepare  silver  bromide  (AgBr)  and 
silver  iodide  (Agl).  These  halogen  salts  of  silver  are  all  re- 
markable on  account  of  their  sensitiveness  to  light.  The  white 
silver  chloride  changes  to  a  purple  color  on  exposure  to  sim- 
light. 
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460.  Chemisti7   of  photography.     We   shall  describe   the 
production  of  a  photograph  in  two  steps :  first,  the  preparation 
of  the  negative  and  second,  the  making  of  the  print. 
• 

The  glass  plate  or  film  which  we  buy  is  coated  with  gelatin  and 
precipitated  silver  bromide  (sometimes  a  little  silver  iodide  also). 
Tbis  prepared  plate  is  placed  in  a,  camera  and  exposed  to  the  image 
which  is  produced  by  a  lens  properly  focused  on  the  object  to  be 
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Fig.  343-    NegatiTe  {A)  and  Positive  {B)  of  ■  picture  of  Dr.  Chailes  W.  Eliot. 

phot(^raphed.  IT  the  plate  is  now  examined  no  visible  effect  seems 
to  have  been  produced.  But  we  can  show  by  a  further  step,  called 
developii^,  that  the  reduction  of  the  silver  bromide  has  been  started 
on  the  exposed  plate  in  exact  proportion  to  the  intensity  of  the  light 
that  fell  upon  each  part. 

To  develop  the  latent  image  the  exposed  plate  is  put  in  a  developer 
■olution  which  contains  a  reducing  agent  such  as  pyrc^allic  a«id  or 
hydroquinone.  The  developer  acts  much  more  rapidly  upon  those 
portions  of  the  plate  where  the  illumination  was  most  intense.  The 
reduced  silver  is  deposited  in  the  form  of  a  black  film.  Thus  the  plate 
becomes  darkest  where  the  object  was  brightest,  and  viee  versa;  for 
this  reason  it  is  called  a  negative  (Fig.  243  A).     The  unchanged  silver 
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bromide  is  now  removed  from  the  plate  by  putting  it  into  a  solution 
of  sodium  thiosulfate  (hypo).  This  is  oallec^  fixing  the  negative.  It 
is  finally  washed  and  dried.  The  whole  process  which  we  have  de- 
scribed must  be^arried  on  in  a  dark  room  or  in  a  light-tight  box  and 
must  be  carefully  timed. 

In  printing,  a  sensitive  paper  is  used  which  is  coated  with  com- 
pounds that  are  very  similar  to  those  used  on  photographic  plates. 
The  negative  is  laid  on  the  paper  and  the  latter  is  so  exi>osed  that  the 
light  must  pass  through  the  negative.  In  this  way  the  light  and  dark 
are  again  reversed  so  that  we  once  more  get  a  positive  (F^.  243  B). 
The  print  is  developed  and  fixed  in  the  same  manner  as  the  plate. 
The  print  may  be  toned  by  dipping  it  into  a  solution  of  the  salts  of  gold 
or  platinum.  The  silver  goes  into  solution,  replacing  these  metals, 
and  the  gold  or  platinum  takes  its  place.  The  gold  gives  to  the  photo- 
graph a  reddish  brown  tone,  while  the  platinum  gives  it  a  steel-gray 
tone. 

461.  Groups  of  metals  for  analysis.  We  have  seen  that  the 
various  metals  form  diflferent  insoluble  compounds.  For  ex- 
ample, silver,  lead,  and  mercurous  salts  form  insoluble  chlorides. 
A  system  of  qualitative  analysis  of  the  metals  depends  on  the 
insolubility  of  certain  salts.  We  can  separate  the  metals 
into  groups  by  the  addition  of  reagents  which  will  precipitate 
a  salt  of  all  the  metals  of  a  particular  group.  This  is  very 
convenient  when  we  are  analyzing  a  solution  which  may  con- 
tain any  one  or  all  of  the  common  metals.  After  we  have 
separated  the  constituents  of  the  solution  into  diflferent  groups, 
we  then  apply  more  special  and  complicated  methods  for 
detecting  the  presence  in  the  group  of  any  particular  metal. 

SUMMARY  OF  CHAPTER  XXXIV 

COPPER  occurs  as  native  copper,  as  the  oxide,  as  the  basic 
carbonate,  and  as  sulfides.  The  oxide  and  carbonate  are  reduced 
with  coal,  but  the  sulfides  require  a  difficult  and  complicated 
treatment.  - 

LOW-GRADE  COPPER  ORES  are  now  worked  by  the  froflt: 
flotation  process,  in  which  the  copper  particles  are  floated  away 
from  the  rock  material  by  means  of  an  oily  foam. 
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ELECTROLYTIC  COPPER  is  prepared  by  electrolysis,  in 
which  the  anode  is  the  impure  copper  plate,  the  electrolyte  is 
copper  sulfate  solution,  and  the  pure  copper  is  deposited  on  the 
cathode. 

USES  OF  COPPER  —  electric  conductors,  roofing  for  build- 
ings, covering  for  ships'  bottoms,  and  as  one  component  in  many 
alloys,  such  as  brass  and  bronze. 

COPPER  SULFATE  is  the  most  important  copper  compound. 
It  is  used  as  a  fungicide,  for  plating,  and  in  some  electric  cells. 
Cuprous  oxide  is  formed  in  testing  for  glucose  with  Fehling's 
solution. 

AN  ELECTRIC  CELL  is  a  device  for  converting  chemical 
energy  into  electrical  energy.  Any  two  metals  in  a  suitable 
electrolyte  will  constitute  an  electric  cell,  in  which  the  metal 
higher  in  the  series  is  the  negative,  and  the  lower  one  the  positive 
pole. 

The  rapid  action  of  dilute  acids  on  impure  metals  is  due  to 
local  cells  which  are  set  up  by  the  impurities. 

MERCURY  is  obtained  from  the  sulfide  merely  by  roasting. 
It  is  a  heavy  liquid  used  in  barometers  and  thermometers. 

CALOMEL,  mercurous  chloride,  is  used  in  medicine.  Corrosive 
sublimate^  bichloride  of  mercury,  is  a  deadly  poison  and  is  used 
in  very  dilute  solutions  as  aiji  antiseptic. 

SILVER  is  largely  obtained  through  the  desilverization  of  lead 
by  Parke's  process.  It  is  alloyed  with  copper  for  most  pur-, 
poses. 

SILVER  NITRATE  is  made  by  dissolving  silver  in  nitric  add. 
It  is  used  to  make  other  silver  compounds.  The  silver  halides 
are  insoluble  compounds  which  are  sensitive  to  light. 

PHOTOGRAPHIC  PLATES  are  coated  with  silver  bromide, 
which  after  exposure  to  light  can  be  reduced  by  a  developer. 
The  unreduced  silver  salt  is  dissolved  by  sodium  thiosulfate. 
Prints  are  made  on  paper  coated  with  silver  halides. 

ALL  METALS  MAY  BE  SEPARATED  INTO  GROUPS 
by  taking  advantage  of  the  insolubility  of  certain  compounds. 
This  separation  of  the  metals  into  groups  by  the  addition  of  dif- 
ferent reagents  is  the  foundation  of  a  system  of  qualitative 
analysis. 
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Questions  and  Problbbss 

1.  Write  the  formulas  for  the  following  ores :  copper  pyrite,  malar 
chite,  and  cinnabar, 

2.  Why  is  it  difficult  to  extract  copper  from  sulfide  ores? 

3.  What  is  the  principle  involved  in  the  froth  flotation  process  t 

4.  What  is  meant  by  "  electrolytic  copper"? 

6.  Compute  the  weight  of  water  in  1  kilogram  of  blue  vitriol. 

6.  Write  the  equation  for  the  change  which  takes  place  when  a 
strip  of  iron  is  placed  in  a  solution  of  copper  sulfate. 

7.  How  much  copper  goes  into  solution  in  order  to  replace  1  gram 
of  silver  from  a  solution  of  silver  nitrate? 

8.  Why  is  zinc  sometimes  called  the  fuel  in  the  electric  cell  ? 

9.  Why  is  the  replacement  series  sometimes  called  the  electromotive 
series  ? 

10.  To  start  the  action  of  dilute  acid  on  zinc,  a  piece  of  platinum  is 
put  in  so  that  it  touches  the  zinc.     Explain. 

11.  Commercial  zinc  is  consumed  in  an  electric  cell  even  when  the 
circuit  is  open ;  that  is,  when  the  poles  are  not  connected  by  a  wire. 
Explain. 

12.  In  order  to  nickel-plate  a  piece  of  iron  it  is  first  copper-plated. 
How  would  you  copper-plate  iron? 

13.  How  would  you  prove  that  a  given  substance  contained  a  com- 
poimd  of  copper? 

14.  Why  is  mercury  not  used  in  the  thermometers  which  are  carried 
on  Arctic  explorations? 

16.  Show  how  the  two  chlorides  of  mercury  illustrate  the  Law  of 
Multiple  Proportions. 

16.  What  special  precautions  should  be  taken  in  regard  to  handling 
bichloride  of  mercury  tablets? 

17.  What  properties  of  silver  make  it  useful  for  coinage,  for  jewelry, 
and  for  tableware? 

18.  What  compoimd  is  formed  when  silver  tarnishes? 

19.  How  does  sterling  silver  differ  in  composition  and  properties 
from  pure  silver? 
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20.  A  dime  contains  copper  and  silver.  How  could  you  prove  the 
presence  of  each  metal? 

21.  What  is  the  function  of  "  hypo  "  in  photography? 

22.  What  is  the  purpose  of  toning  photographic  prints? 

28.  Why  must  a  negative  be  developed  in  a  dark  room  with  only 
a  dim  red  light? 

Rbvibw  Qtjbstions 

1.  (a)  Why  does  pure  zinc  chloride  dissolved  in  water  give  an  acid 
reaction? 

(6)  What  is  this  phenomenon  called? 

(c)  What  relation  has  it  to  neutralization? 

2.  Under  what  circumstances  will  chemical  reactions  run  to  an  end  ? 
Illustrate  each  case  with  an  example. 

3.  If  4.0  grams  of  copper  will  combine  with  1.0  gram  of  oxygen,  and 
23.7  grams  of  silver  are  precipitated  by  7.0  grams  of  copper,  what  will 
be  the  percentage  of  oxygen  in  silver  oxide?  Show  each  step  of  your 
calculation  and  reasoning. 

4.  Suppose  that  you  were  given  a  sample  of  a  colorless,  odorless 
liquid.  Describe  briefly  no  less  than  four  diflPerent  experiments  which 
would  help  to  prove  whether  it  was  water  or  not. 

6.  What  weight  of  silver  nitrate  would  be  necessary  to  precipitate 
the  chlorine  in  10  grams  of  crystallized  barium  chloride,  BaCk  •  2  HjO? 

Topic  for  Further  Study 

Chemistry  of  photography.  How  is  a  photographic  plate  prepared  ? 
What  change  occurs  during  exposure?  What  developer  is  conmionly 
used  in  developing  tanks?  Why?  What  precautions  are  necessary 
in  fixing,  washing,  and  drying  ?  What  is  the  chemistry  of  blue  prints, 
silver  prints,  platinum  prints,  and  the  carbon  process?  {Louis  Derr^s 
Photography  for  Students  of  Physics  and  Chemistry ;  special  pamphlets 
issued  by  the  manufacturers  of  photographic  supplies,  such  as  the  East- 
man  Kodak  Company's  How  to  make  Good  Pictures.) 


CHAPTER  XXXV 

SOME  OF  THE  LESS  COMMON  ELEMENTS 

AND  THEIR  USES 

Gold  —  occurrence  and  extraction  —  properties  —  uses. 
Platinum  —  properties  —  uses.  Manganese  —  manganese 
dioxide  —  permanganates.  Chromium  —  oxides  and  hydrox- 
ides—  chromates  and  dichromates.  Tungsten,  molybdenum, 
vanadium  —  the  rare  earths. 

In  this  chapter  we  shall  discuss  two  rare  elements  which 
are  of  great  value,  gold  and  platinum.  We  shall  also  briefly 
consider  a  number  of  elements  which  are  not  very  common, 
but  which  have  one  or  two  important  compoimds  or  important 
uses. 

Gold 

462.  Mining  and  extraction.  Gold  is  found  almost  entirely 
in  the  free  state  and  is  often  distributed  through  quartz  or 
sand.  The  process  of  extraction  involves  its  separation  from 
the  great  mass  of  surrounding  material.  This  may  be  done 
in  some  cases  by  merely  taking  advantage  of  the  fact  that  gold 
is  much  heavier  than  the  other  mineral  matter  about  it.  When 
it  occurs  in  alluvial  deposits  the  gravel  may  be  washed  in  shallow 
pans  in  such  a  way  that  the  sand,  which  is  light,  is  carried  away 
by  the  water  and  the  heavy  metal  sinks  to  the  bottom  and  is 
caught.  In  placer  mining  the  ore  is  carried  down  a  long  trough 
in  a  stream  of  water ;  the  gold  settles  to  the  bottom,  where  it 
is  caught  on  cleats  which  are  nailed  to  the  floor  of  the  trough. 
Another  method  of  working  the  deposits  involves  crushing  the 
ore  in  stamp  mills   (Fig.  244)  and  passing  the  crushed  ore 
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over  copper  plates  coated  with  mercury.  The  mercury  readily 
dissolves  the  gold,  forming  an  amalgam.  This  amalgam  is 
scraped  from  the  copper  plates  and  the  mercury  distilled  away 
from  the  gold.  Still  another  method,  called  the  cyanide  process, 
is  used  to  extract  the  gold  left  in  the  tailings.  Metallic  gold  is 
soluble  in  sodium  cyanide  (NaCN)  solution  in  the  presence  erf 
air  and  forms  a  com- 
pound, sodium  aurocyanide 
(NaAu(CN),).  The  gold 
can  be  displaced  from  this 
solution  by  metallic  zinc,  or 
!  deposited  by  electrolysis. 

463.  Properties.  Gold  is 
a  very  heavy  metal  (density 
J9,3)  with  a  yellow  color. 
It  is  the  most  malleable  and 
ductile  of  metals  and 
a  good  conductor  of  elee-  ' 
tricity.  It  melts  at  about 
1100"  C.  It  is  so  soft  that 
it    is    usually    aUoyed    with  „^^^      SUmplng  mill  .or  gold. 

copper  in  making  gold  coins 

and  other  gold  objects.     Piu^  gold  is  "  24  carat  "  fine ;  gold 

used  for  jewelry  is  usually  18  carats. 

Gold  is  a  very  inactive  metal  and  is  not  affected  by  moisture, 
oxygen,  or  the  common  acids.  It  combines  directly  with  the 
halogens  and  for  this  reason  is  soluble  in  aqua  regia  (hydro- 
diloric  and  nitric  acids  mixed).  Gold  chloride  (AuCU)  can 
be  prepared  by  the  action  of  gold  and  chlorine.  This  substance 
readily  dissolves  in  hydrochloric  acid,  forming  chlorauric  acid 
(HAuCU).  This  is  the  substance  which  is  formed  when  gold* 
is  dissolved  in  aqua  regia.  The  acid  dissociates  to  give  the 
ions  H+  and  AuCl4~. 

464.  Uses.    Gold  finds  its  principal  use  as  the  standard  of 
currency  and  exchange  in  almost  all  civilized  countries.    It 
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can  be  i)eaten  out  into  thin  leaves  (gold  leaf)  which  are  only 
jga'ono  of  an  inch  thick,  and  applied  as  a  coating.  The  po- 
tassium salt  of  chlorauric  acid  (KAuCU)  is  used  in  toning 
photographs.  By  the  use  of  a  gold  anode  it  can  be  electro- 
plated on  silver  or  other  metals  from  a  bath  of  the  double 
cyanide  of  sodium  and  gold. 

Platinum 

Platinum  is  found  in  the  free  state  in  alluvial  sands,  chiefly 

in  the  streams  of  the  Ural  Mountains.     Its  separation  from 


Fig.  345.    Platiaum  dishes  used  in  the  laboiatoty. 

osmium  and  iridium,  two  other  metals  which  occur  with  it, 
is  a  complicated  process. 

466.  Properties.  Platinum  is  a  whitish  metal  which  is 
malleable  and  ductile.  It  melts  at  a  fairly  high  temperature 
(1800°  C.)  but  not  in  the  Bunsen  flame.  It  is  affected  by  very 
few  reagents  but  will  dissolve  in  aqua  regia,  forming,  like  gold, 
a  complex  acid.     This  is  called  chloropUtiiiic  acid  (HgPtCU). 

When  the  ammonium  salt  of  chloroplatinic  acid  is  ignited,  it 
■  leaves  a  porous  mass  of  platinum  known  as  platinum  sponge. 
This  sponge  may  be  distributed  over  the  surface  of  asbestos 
if  the  asbestos  is  dipped  in  chloroplatinic  acid  and  heated. 
Such  a  material  is  called  platinized  asbestos.  Both  platinum 
sponge  and  platinized  asbestos  are  very  powerful  catatyste  for 
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gaseous  reactions.  Platinum  black  is  platinum  powder  made 
by  replacing  platinum  from  solution  by  means  of  zinc.  Plati- 
num black  is  also  a  good  catalyst  and  is  often  used  either  dry 
or  suspended  in,  a  liquid. 

466.  Uses.  Since  platinum  melts  at  a  very  high  temperature 
and  is  not  attacked  by  most  chemicals,  it  is  a  useful  material 
in  the  laboratory  in  the  form  of  wire  and  crucibles  (Fig.  245). 
Because  it  has  the  same  coefficient  of  expansion  as  glass,  it  was 
formerly  the  substance  selected  when  it  was  necessary  to  seal 
a  wire  into  a  glass  vessel.  If  copper  wire  is  taken  in  its  stead 
the  glass  invariably  breaks  because  copper  and  glass  contract 
at  different  rates  on  cooling.  This  use  of  platinum  has  now 
been  supersede4  by  platinite  (§  408).  Since  the  metal  is  not 
oxidized  by  the  air  even  when  heated,  it  has  been  used  in 
electrical  apparatus  for  contact  points;  but  now  tungsten  is 
taking  its  place,  being  harder  and  cheaper.  Platinum  is  used 
in  place  of  gold  in  the  manufacture  of  rings  and  other  jewelry. 
It  is  at  present  much  more  valuable  than  gold. 

Manganese 

Manganese  is  the  only  element  known  in  Group  VIIA  in 
the  periodic  table.  It  is  peculiar  in  that  it  can  form  many 
oxides.  That  is,  it  can  form  a  number  of  compounds  in  each 
of  which  it  has  a  different  valence.  In  some  of  these  it  acts 
like  a  metal  and  forms  a  positive  ion,  and  in  others  it  is  the 
constituent  of  the  negative  ion.  Because  of  this  multipUcity 
of  compounds  we  shall  not  attempt  to  discuss  the  element  fully. 

The  manganous  salts,  in  which  the  element  has  the  valence 
of  two,  are  pink  in  color ;  they  correspond  somewhat  to  ferrous 
salts.  The  other  compounds  of  manganese  that  are  important 
are  those  containing  oxygen. 

467.  Manganese  dioxide.  This  substance  occurs  in  nature 
and  is  known  as  pyrolusite  (MnOa).  It  is  a  strong  oxidizing 
agent.    We  have  already  employed  it  in  the  preparatioa  oC 
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chlorine  from  hydrochloric  acid : 

MnOa  +  4  HCl  —^  MnCU  +  2  H2O  +  CI,  t 

It  will  be  noticed  that  the  valence  of  manganese  has  changed 
from  4  to  2  in  this  reaction.  Manganese  dioxide  is  also  used 
in  the  preparation  of  dry  batteries,  and  as  an  oxidizing  agent 
in  black  paint. 

Metallic  manganese  and  its  alloy  with  iron  (ferro-manganese) 
can  be  made  from  pyrolusite  by  reduction  with  almninum 
(Goldschmidt  process).  The  metal  finds  certain  uses  in  the 
preparation  of  special  steels. 

468.  Permanganates.  When  manganese  dioxide  is  heated 
with  potassium  hydroxide  and  an  oxidizing  agent  like  potassium 
nitrate,  a  green  melt  is  obtained.  On  extracting  this  with 
water  we  obtain  a  solution  of  potassium  manganate  (K2Mn04). 
The  green  solution  on  being  diluted  with  water  changes  to  a 
purple  color,  and  manganese  dioxide'  is  precipitated.  By 
evaporating  the  purple-red  liquid  we  obtain  needle-shaped 
crystals  of  potassium  permanganate  (KMn04).  This  salt  in 
solution  gives  the  ions  K**"  and  Mn04~.  It  is  a  very  strong 
oxidizing  agent,  readily  giving  up  oxygen  to  other  materials 
and  forming  manganese  dioxide  or  a  manganous  salt.  It  is 
used  in  the  laboratory  as  an  active  oxidizing  agent  and  in 
medicinal  work  as  an  antiseptic  and  disinfectant. 

Chromium 

Chromium  is  a  metal  occurring  in  Group  VIA.  Like  man- 
ganese it  forms  salts  in  which  it  has  a  number  of  different 
valences.  In  its  higher  valence  it  is  a  constituent  of  the  nega- 
tive ion  of  oxidizing  acids. 

469.  Oxides  and  hydroxides.  There  are  two  important 
oxides  of  chromium,  the  green  oxide,  chromic  oxide  (Cr208), 
and  the  red  oxide,  chromic  anhydride  (CrOs).  The  former  is 
tlie  anhydride  of  a   base,   chromium  hydroxide   (Cr(OH)a). 
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From  this  base  can  be  prepared  various  salts  known  as  chromic 
salts,  of  which  the  sulfate  (CrsCSO^s)  is  important.  Chromic 
hydroxide  (Cr(OH)j)  is  prepared  by  precipitation  from  the 
sulfate  and  is  used  as  a  mordant  in  dyeing. 

MetaUic  chromium  may  be  obtained  from  chromic  oxide, 
which  occurs  naturally,  by  reduction  with  aluminum  (Gold- 
Schmidt  process).  The  metal  is  used  in  the  preparation  of 
special  steels. 

470.  Chromates  and  dichromates.  Chromic  anhydride 
(CrOs)  readily  dissolves  in  water,  forming  chromic  acid 
(H2Cr04).  The  salts  of  this  acid  are  called  chromates.  Po- 
tassium chromate  (K2Cr04)  is  a  yellow,  crystalline  solid,  soluble 
in  water.  Lead  chromate  is  an  insoluble  precipitate,  which, 
as  we  have  already  seen,  is  a  yellow  pigment. 

Potassium  dichromate  (K2Cr207)  is  formed  when  we 
evaporate  a  solution  of  potassium  chromate  in  the  presence 
of  sulfuric  acid: 

2  K2Cr04  +  H2SO4  —^  K2Cr207  +  K2SO4  +  H2O 

The  dichromate  differs  from  the  chromate  by  only  a  molecule 
of  chromic  anhydride  (K2Cr04  •  CrOs).  In  water  solution  it 
again  forms  the  chromate  ions.  It  is  used  in  the  tanning  of 
leather. 

Chromates  and  dichromates  are  both  strong  oxidizing  agents 
in  acid  solutions;  they  are  reduced  to  chromic  salts.  They 
are  employed  as  oxidizing  agents  in  the  laboratory  and  to 
some  extent  in  the  industries.  Potassiimi  dichromate  is  used 
in  tanning  light  leathers,  since  in  the  presence  of  a  reducing 
agent  chromic  hydroxide  (Cr(0H)3)  is  precipitated  in  the 
leather.  A  solution  of  chromic  anhydride  in  concentrated 
sulfuric  acid  is  essentially  a  mixture  of  chromic  and  sulfuric 
acids.  This  is  often  used  as  a  cleaning  solution  in  the 
laboratory  because  it  will  readily  dissolve  greases  and  other 
material. 
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Tungsten,  Molybdentjm,  and  Vanadium 

These  three  elements,  like  chromium  and  manganese,  form 
a  multitude  of  compounds  in  which  they  have  a  number  of 
different  valences  and  have  either  acidic  or  basic  properties. 
The  chief  use  of  the  metals  lies  in  the  preparation  of  special 
steels.  The  pure  metals  themselves  are  rarely  manufactured ; 
but  their  alloys,  called  ferro-alloys,  containing  about  50  per 
cent  of  iron,  find  important  uses.  The  place  of  these  metals 
in  the  steel  industry  has  already  been  discussed. 

471.  Tungsten  is  a  white  metal  which  is  used  in  making 
high-speed  steels.  It  has  a  very  high  melting  point  (about 
3000*^  C.)  and  makes  an  excellent  metal  for  the  filaments  of 
incandescent  electric  lamps.  The  metal  can  be  drawn  into 
exceedingly  fine  wires  which  are  very  strong.  Tungsten  lamps 
use  only  about  one-third  as  much  current  as  the  old  carbon- 
filament  lamps.  The  metal  is  replacing  platinum  for  electrical 
contact  points  in  automobile  vibrators. 

The  Rare  Earths 

There  are  about  16  elements  which  are  very  closely  related 
to  one  another  and  form  a  peculiar  group;  all  are  trivalent 
and  in  a  general  way  resemble  aluminum.  These  elements 
are  metals.  They  are  known  as  the  rare  earths  and  are 
found  in  monazite  sand.  Thorium  is  the  most  important 
constituent  of  monazite  sand.  A  thin  film  of  thoriiun  oxide 
containing  about  one  per  cent  of  cerium  oxide  (another  rare 
earth)  constitutes  the  Welsbach  mantle  (§  257);  The  use  of 
cerimn  oxide  is  another  example  of  catalysis.  Without  this 
small  amount  of  impurity  thorium  oxide  gives  a  very  inferior 
light  when  heated  in  a  gas  flame.  In  making  the  mantle  the 
tubular  fabric  is  dipped  into  a  solution  of  the  nitrates.  After 
being  dried,  the  mantle  is  heated,  which  burns  the  yam  and 
converts  the  nitrates  'into  oxides. 
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SUMMARY  OF  CHAPTER  XXXV 

GOLD  is  found  free  and  is  obtained  from  the  surrounding  rock 
by  mechanical  separation,  or  by  the  amalgamation  or  the  cyanide 
process.  Gold  is  a  heavy,  soft,  malleable  metal.  It  is  usually 
alloyed  with  copper  to  increase  its  wearing  power.  It  is  insoluble 
in  most  reagents  but  will  dissolve  in  aqua  regia,  forming  chlorauric 
acid. 

PLATINUM  occurs  native,  alloyed  with  similar  metals.  It  is 
a  very  heavy,  high-melting  metal  which  is  attacked  by  very  few 
chemicals.  It  dissolves  in  aqua  regia,  forming  chloroplatinic 
acid.  Finely  divided  platintmi  is  an  excellent  catalyst  for  gas 
reactions. 

MANGANESE  forms  a  ntmiber  of  series  of  compounds  in  which 
it  has  different  valences.  Manganese  dioxide,  pyrolusite,  is  found 
naturally.    The  permanganates  are  strong  oxidizing  agents. 

CHROMIUM  forms  two  oxides :  Cr203,  which  is  basic,  and  CrOs^ 
which  is  acidic.  The  former  corresponds  to  the  chromic  salts, 
the  latter  to  chromic  acid.  The  chromates  and  dichromates  are 
strong  oxidizing  agents. 

TUNGSTEN,  MOLYBDENUM,  AND  VANADIUM  in  the  form 
of  their  iron-alloys  are  used  in  the  manufacture  of  special  steels. 
Lamp  filaments  are  made  of  tungsten. 

THE  RARE  EARTHS  form  a  group  of  closely  related  elements 
occurring  in  monazite  soil.  Thoritmi  and  cerium  oxides  are  used 
in  Welsbach  mantles. 

Questions 

1.  The  first  metals  known  to  have  been  used  by  the  human  race 
were  gold  and  silver.     Give  the  reason. 

2.  Write  the  equation  for  the  decomposition  of  chloroplatinic  acid 
by  heat. 

3.  What  precautions  must  be  taken  in  the  use  of  platinum  vessels  ? 

4.  Gold  coins  are  90%  gold  and  10%  copper.  Express  this  in 
carats. 

6.  What  reaction  did  we  catalyze  with  manganese  dioxide? 

6.  Write  the  equation  for  the  oxidation  of  hydrochloric  acid  by 
potassium  permanganate. 
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7.  In  what  way  is   platinum  better   than   gold   for  laboratory 
crucibles  ?' 

8.  What  properties  has  tungsten  which  fit  it  for  use  as  a  filament 
in  electric  lamps? 

9.  Which  are  the  more  stable,  manganates  or  permanganates  ? 

10.  What  is  the  difference  in  composition  and  properties  between 
potassium  chromate  and  potassium  dichromate  ? 

11.  Write  the  equation  for  the  oxidation  of  hydrochloric  acid  by 
sodium  chromate. 

Topic  for  Further  Study 

Rare  elements  in  industry.  Recent  developments  have  shown  that 
some  rare  elements  which  were  thought  to  be  only  of  scientific  interest 
have  properties  which  make  them  of  the  greatest  industrial  impor- 
tance. The  scientific  study  of  these  substances  has  thus  been  well 
rewarded.  What  rare  elements  are  commercially  important?  For 
what  is  each  used?     (Duncan* 8  Chemistry  of  Commerce.) 
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CHAPTER  XXXVI 
RADIUM  AND  RADIOACTIVITY 

The  vacuum  tube  —  radioactivity  —  radium  —  radium 
emanation  —  disintegration  series  —  radioactivity  and  the 
periodic  system  —  uses  of  radioactive  elements  •=—  radium  and 
the  atomic  theory. 

In  order  to  understand  the  peculiar  and  interesting  properties 
of  radium  and  of  certain  other  elements,  it  is  necessary  to  con- 
sider briefly  some  recent  discoveries  in  physics. 

472.  The  vacuum  tube.  If  a  glass  tube  containing  air  or 
some  other  gas  is  exhausted  with  an  air  pmnp  until  there  is 
only  a  very  small  amount  of  gas  left,  it  exhibits  imusual  prop- 
erties when  connected  with  a  high-voltage  electric  current 
(Fig.  246).    The  electricity  pass-  cv^^..  ^.,«^ 

ing  through  the  tube  gives  it       ^.-^t^S-t 

A       ■  f""iii"'.>i  >• «, 

a  peculiar  bluish  light.    Such    -i^==J8!!Lv!i!'";;'. 
an  apparatus  is  called  a  vacuum 
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Faraday 

tube.     Careful  investigation  has  darkapaoB 

shown  that  from  the   cathode  ^^8-246.    Vacuum  tube. 

(the  negative  electrode)  a  stream  of  negatively  charged  par- 
ticles is  traveling  in  straight  lines  at  high  speed.  These  negative 
particles  are  the  electrons,  which  we  have  already  considered 
(§  177).  Through  experiments  with  the  vacuum  tube  and 
similar  apparatus  scientists  have  discovered  a  great  deal  about 
electrons  and  their  relation  to  matter.  It  has  further  been 
proved  that  from  the  positive  electrode  in  the  vacumn  tube 
there  is  flowing  a  stream  of  positively  charged  particles  of 
matter  which  are  the  atoms  of  the  original  gas  in  the  tube. 
They  are  positively  charged  because  they  have  lost  one  or 
more  electrons ;  they  are  gaseous  ions. 
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Fit.  347.    X-ra;  tnlie. 


If  we  place  a  piece  of  metal  in  the  path  of  the  stream  of 
electrons  in  the  tube  we  have  wh&t  is  commonly  called  an 
X-ray  tube  (Fig.  247). 
When  the  electrons  are 
stopped  in  their  rapid  Qig^t 
'  by  the  piece  of  metal  (anti- 
cathode),  they  produce  a 
peculiar  form  of  li^t  eo- 
ergy,  which  passes  throu^ 
the  glass  and  into  the  sur- 
^  Foundmg  space.  These  are 
the  BO-called  X  rays.  All 
h^t  18  merely  a  vibration, 
or  wave  motion,  in  the 
ether,  that  all-pervading 
material  vrfiich  has  neither  weight,  volume,  nor  other  physical  or 
chemical  properties.  X  rays  are  vibratitms  in  the  ether  which 
have  a  very  short  wave  length  and  are  therefore  much  more  pene- 
trating than  ordinary  light.  They  are  stopped  by  heavy,  metals 
but  not  by  such  materials  as  wood  or  paper. 

The  penetrating  power  of  X  rays  has  led  to  their  wide  use 
in  surgery  and  medicine.  They  affect  a  photographic  plate 
exactly  as  does  ordinary  light.  If,  therefore,  we  place  a  hand 
or  an  arm  between  the  X-ray  tube 
and  a  photographic  plate,  we  may 
make  a  radiograph  with  this  pene- 
trating light.  Such  radiographs  are 
especially  useful  in  dentistry  in  the 
examination  of  teeth. 

The  rays  may  be  rendered  visible 
to  the  eye  by  the  aid  of  a  fluores- 
cent screen.     Certain  minerals  (zinc     "'  '^„, 
sulfide)  give  off  hght  when  X  rays 

come  in  contact  with  them ;  they  are  said  to  fluoresce.     By 
such  a  mineral  icreen  in  the  path  of  the  rays,  we 
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obtain  a  sort  of  shadow  picture  of  the  object  through  which 
they  have  passed. 

Another  peculiar  characteristic  of  X  rays  is  their  power  to 
discharge  an  electroscope.  If  an  electroscope  is  chai^d  with 
static  electricity  (Fig.  248)  the  leaves  will  very  slowly  fall  as 
tiie  charge  "  leaks."  If, 
however,  the  apparatus  is 
brought  near  X  rays  it  will 
immediately  be  discharged. 
The  reason  for  this  is  that 
the  X  rays  break  down  some 
of  the  atoms  of  the  sur- 
rounding air  into  gaseous 
ions,  and  these  conduct  the 
charge  away  from  the  elec- 
troscope. 

Having  thus  very  briefly 
discussed  certain  results  of 
physical  experiments  with 
vacuum  tubes,  we  shall  now 
consider  some  remarkable 
chemical  elements  which 
have  attracted  much  atten- 
tion    in    the     last    twenty     Fia.  249.    Marie  Slodowbka  Curie 


years. 


(1867- 
University  of  Paris. 


been  found  that  a  number  of 
chemical  elements  give  off  peculiar  radiations  which  have 
much  the  same  effect  as  the  X  ray ;  that  is,  they  will  penetrate 
such  materials  as  black  paper,  affect  a  photographic  plate,  dis- 
charge an  electroscope,  and  cause  fluorescence  in  certain  min- 
erals. These  effects  were  first  discovered  in  1896  by  Becquerel, 
a  French  scientist,  as  he  was  examining  a  crystal  of  a  salt  of 
the  element  uranium.  The  general  phenomenon  was  called 
radioactivity.     Pierre  Curie  and  his  wife  (Fig.  249),  starting 
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with  this  discovery,  were  able  to  isolate  two  or  three  other 
elements  which  were  much  more  radioactive  than  uranium. 
The  first  of  these  to  be  obtained  was  polonium;  but  radium 
was  found  in  larger  quantities  and  is  the  most  important. 

Radium  is  present  in  very  minute  amounts  in  pitch  blende 
(an  impure  uranium  oxide) ;  only  one  gram  of  it  can  be 
obtained  from  every  three 
tons  of  rock  (Fig.  250).  As 
might  be  imagined,  the  sep- 
aration of  this  element  in- 
volves a  difficult,  compli- 
cated, and  laborious  chemical 
process. 

474.  Radium.  Radium  is 
a  metal  which  chemically 
closely  resembles  barium  and 
is  in  fact  the  next  element 
below  it  in  the  periodic  table. 
A  number  of  its  salts  and  the 
free  metal  itself  have  been 
prepared,  and  from  tiieir 
pwdy  chetnical  properties  there  is  Uttle  to  distinguish  the 
element  from  the  rest  of  the  calcium  family. 

Radiiun  and  all  its  salts  are,  however,  extremely  radioactive. 
TTiis  property  is  quite  independent  of  the  nature  of  the  salts 
and  is  as  apparent  in  radium  bromide  as  in  the  free  metal.  In 
fact,  what  is  sometimes  spoken  of  as  "  radium  "  is  in  reality 
the  salt  radium  bromide ;  it  is  the  common  form  in  which  the 
element  is  kept  and  used.  Radioactivity  thus  seems  to  be  a 
property  of  the  radium  atom  and  to  be  independent  of  ite  chem- 
ical combination.  The  extreme  radioactivity  of  radium  and 
its  salts  can  be  shown  by  the  effect  on  a  photographic  plate, 
by  the  discharge  of  an  electroscope,  or  by  a  fluorescent  screen. 
476.  Three  kinds  of  rajrs  from  radium.  It  has  been  found 
that  radium  salte  are  actually  giving  off  three  Hnda  o, 
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raySy  which  dififer  widely  in  their  penetrating  power  and  in  the 
way  in  which  they  are  affected  by  a  magnetic  field.  The  experi- 
ment shown  in  figure  251  illustrates  the  effect  of  the  magnetic 
field  on  radium  rays.  Those  called  the  alpha  (a)  rays  have 
very  little  penetrating  power  and  are  found  to  be  positively 
charged  particles.  The  beta  {p)  rays  are  much  more  penetrat- 
ing and  are,  in  fact,  merely  a  stream  of  electrons,  exactly  like 
those  found  in  the  vacuum  tube.  The  gamma  (y)  rays  are 
not  affected  by  a  magnetic  field     ,  ^^^     t 

and  are  nothing  but  the  X  rays  ^.  ^TT  P  y^^tar^pMe 
which  are  produced  by  the  action  \  W      ^^     ^^^ 

of  the  beta  rays  on  some  of  the  \  ■  ^r 

solid    material    through    which  )Lr 

they  pass.     It  is  these  gamma,  ^^^BioekqfLtad 

or  X  rays  which  give  to  radium  pi^.  ,5,.  Effect  of  a  magnetic  field 
the  extreme  radioactivity  which  on  rays  emitted  by  radioactive 
was  first  noticed.  substances. 

476.  Energy  of  radium.  Another  very  surprising  property 
of  radiimi  and  its  salts  is  that  the  nature  and  amount  of  its  radio- 
activity  are  entirely  independent  of  the  temperature  and  of  any 
other  known  conditions.  The  chemist  has  been  unable  to 
modify  in  any  way  the  radioactivity  of  radiimi.  It  is  as  strong 
in  liquid  air  as  it  is  at  the  highest  tempera tiu^.  This  is  very 
unlike  usual  chemical  reactions,  which  are  always  greatly 
affected  by  the  temperature. 

There  is  still  another  remarkable  property  of  radium  salts : 
they  are  continually  producing  heat  and  are  generally  three  to 
five  degrees  warmer  than  the  surrounding  atmosphere.  The 
amount  of  heat  evolved  has  been  measured  and  found  to  be 
such  that  one  gram  of  radiimi  salt  gives  off  100  calories  per 
hour.  This  constant  evolution  of  heat  apparently  goes  on  in- 
definitely. But  as  a  matter  of  fact  we  shall  see  later  that  this 
is  not  the  case,  that  radiimi  is  gradually  disappearing,  and 
that  at  the  end  of  2000  years  it  will  be  half  gone.  Thus  radiimi 
is  not  a  source  of  perpetual  energy,  as  is  sometimes  atat^. 
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477.  Radium  emanation.  We  have  seen  that  the  beta  rays 
are  a  stream  of  electrons.  The  alpha  rays  have  been  shown  to  he 
positively  charged  helium  atoms.  This  very  remarkable  fact 
has  repeatedly  been  proved  by  collecting  enough  of  these 
"  rays  ''  to  produce  the  characteristic  spectrum  of  helium. 

We  can  obtain,  from  radiimi  another  gas  which  was  first 
known  as  radium  emanation  but  is  now  sometimes  called 
niton.  This  gas  is  continuously  being  given  off  by  radiiun 
compounds  and  can  be  pmnped  away  from  radium  salts  and 
obtained  quite  pure.  Niton  is  clearly  a  definite  element  and 
finds  a  place  in  the  periodic  system  as  the  last  member  of  the 
family  of  rare  gases.  It  is  chemically  inert,  is  monatomic, 
and  has  the  molecular  weight  222,  exactly  four  units  less  than 
the  atomic  weight  of  radium.  We  thus  see  that  from  radimn 
we  have  obtained  two  definite  elements,  one  a  known  element, 
heliimi,  and  the  other  niton.  The  formation  of  helium  and 
niton  proceeds  continuously  in  all  radiimi  compounds.  This 
must  be  due  to  a  disintegration  of  the  radium  atom  itself; 
hence  we  have  here  the  atom  of  one  element  actually  being 
transformed  into  the  atoms  of  two  other  elements.  The 
atomic  weight  of  niton  is  in  this  connection  significant.  It 
is  exactly  the  difference  between  the  atomic  weights  of  radimn 
and  helium.  This  disintegration  of  the  radium  atom  the  chemist 
cannot  in  any  way  modify  or  control.  He  can  merely  observe 
it.  Therefore,  we  cannot  say  that  the  chemist  is  able  to  change 
radiimi  into  heliimi  and  niton,  but  rather  that  the  radium 
atom  itself  breaks  down  into  these  elements  in  spite  of  all 
that  the  chemist  may  do. 

478.  The  disdntegration  series.  The  beta  ray^  which  are 
given  off  by  a  sample  of  radimn  salt  are  not  a  part  of  the  de- 
composition of  radiimi  into  radiimi  emanation,  but  are  the 
result  of  later  changes.  Radium  emanation  itself  goes  into 
another  element,  a  solid  called  radium  A,  at  the  same  time 
producing  another  alpha  particle  (a  charged  helimn  atom). 
Radium  A  disintegrates,  forming  successively  radium  B,  C, 
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D,  E,  and  F.  When  radium  F  breaks  up  it  forms  an  element, 
radium  G,  whose  atomic  weight  is  206.  In  each  case  the 
change  is  attended  by  the  production  of  an  electron  or  an 
alpha  particle.  The  electrons  emitted  in  the  later  stages  of 
the  disintegration  of  the  radiimi  atom  cause  the  beta  rays 
which  are  given  off  by  a  sample  of  radiimi  salt. 

It  will  be  noticed  that  the  last  product  of  the  change  is 
radium  G,  or  radio  lead ;  this  is  no  longer  radioactive  because 
it  undergoes  no  further  changes  and  gives  off  no  charged  par- 
ticles. This  substance  shows  all  the  chemical  properties  of 
ordinary  lead  and  cannot  be  distinguished  from  the  latter 
except  in  one  particular,  namely,  that  it  feos  a  lower  atomic 
weight. 

Every  expulsion  of  a  helimn  atom  in  the  form  of  an  alpha 
particle  must  lower  the  atomic  weight  of  the  element  four  units 
(atomic  weight  of  helimn).  There  are  five  such  changes  be- 
tween radimn  and  radimn  G,  the  end  point.  Subtracting 
these  twenty  units  (5X4)  from  the  atomic  weight  of  radimn, 
we  have  206  for  the  atomic  weight  of  the  final  product. 
This  is  slightly  lower  than  the  atomic  weight  of  ordinary  lead, 
which  is  207.2. 

It  has  been  noted  that  the  lead  which  is  found  in  radioactive 
ores  (that  is,  ores  which  contain  radimn)  has  an  atomic  weight 
different  from  the  atomic  weight  of  the  lead  from  ordinary  ores. 
This  lead,  called  radio  lead  (although  it  is  not  radioactive),  was 
probably  formed  in  that  particular  ore  by  the  disintegration  of 
the  radimn  atoms.  As  we  have  said,  it  resembles  ordinary 
lead  in  every  chemical  property  and  can  be  distinguished  from 
it  only  by  its  atomic  weight.  In  fact,  if  the  radio  lead  is 
obtained  from  pure  radium  ore,  it  is  found  to  have  an  atomic 
weight  of  exactly  206.  These  two  substances  must,  therefore, 
be  considered  as  distinct  elements  although  they  are  chemically 
inseparable. 

479.  Other  disintegration  series.  There  are  other  disin- 
tegration series  beside  the  radium  series.    T\iQitv;i5s>L  '^^eoss*  \s2k 


454  RADIUM  AND  RADIOACTIVITY 

be  the  starting  point  of  a  series  of  radioactive  elements. 
Radium  itself  has  very  likely  been  slowly  formed  as  a  product 
of  the  radioactive  disintegration  of  uraniimi,  and  so  it  is  prob- 
ably not  the  starting  point  of  a  series  but  the  middle. 

480.  Uses  of  radium.  The  radiations  given  oflf  by  radimn 
(in  particular  the  beta  rays  and  their  secondary  product  the 
gamma  rays)  are  extremely  active.  It  is  possible  with  their 
aid  to  take  pictures  in  exactly  the  same  way  as  with  the  X  rays 
generated  by  an  electric  current  in  a  vacuum  tube.  Radimn 
rays  exert  a  very  powerful  action  on  all  living  matter,  and  it 
has  been  thought  that  they  would  be  useful  in  curing  various 
diseases.  The  results  have  not  been  so  successful  as  was  first 
hoped,  but  in  treating  certain  kinds  of  cancer  and  similar 
growths  radium  seems  to  be  very  beneficial.  Radium  is  ex- 
tremely expensive,  one  gram  costing  about  $150,000.  It  is, 
however,  continually  producing  radiimi  emanation,  and  the 
emanation  instead  of  the  radimn  itself  is  often  used  in  treating 
diseases.  Every  day  the  emanation  can  be  pmnped  off  from 
the  radiimi  salt  and  collected  in  very  tiny  glass  tubes.  These 
tubes  can  then  be  inserted  in  the  flesh  near  the  cancer.  The 
radiimi  emanation  in  the  tubes  goes  through  the  complete  series 
of  changes,  ending  finally  as  radimn  G  and  producing  alpha, 
beta,  and  gamma  rays.  The  curative  power  rests  in  the  action 
of  these  rays  on  the  diseased  tissue. 

Certain  radioactive  elements  in  an  impure  condition  have 
been  used  in  the  manufacture  of  Imninescent  paint.  They  are 
mixed  with  zinc  sulfide,  which,  as  we  have  seen,  fluoresces  when 
in  contact  with  radium  particles. 

481.  Radium  and  the  atomic  theory.  These  astonishing 
facts  in  regard  to  radimn  appear  at  first  sight  to  destroy  one 
of  the  fundamental  laws  of  science :  the  Conservation  of  Energy. 
The  fact  that  radimn  and  its  compounds  constantly  give  off 
heat  and  light  without  apparent  loss  of  weight  does  not  seem 
to  conform  to  this  law.  But  more  careful  experiiiients  have 
shown  that  they  do  not  give  out  heat  and  light  indefinitely: 
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it  would  take  about  2000  years  for  these  compounds  to  lose 
half  their  activity,  2000  more  to  lose  half  of  what  remains,  and 
so  on.  This  energy  of  radioactive  substances  is  apparently 
due  to  the  spontaneous  explosion,  or  disintegration,  of  the 
atoms  of  such  elements.  The  emitted  particles  collide  with 
each  other  and  with  the  surrounding  molecules,  producing  heat 
energy. 

We  must,  therefore,  modify  and  extend  our  conception  of 
the  atom  as  an  indivisible  unit  of  an  element.  The  ordinary 
chemical  reactions  take  place  between  two  or  more  atoms; 
but  in  the  case  of  radioactive  elements  we  find  that  the  changes 
occur  within  the  atoms  themselves,  that  the  atoms  are  slowly 
disintegrating,  forming  other  atoms  and  emitting  electrous. 
According  to  Rutherford,  who  has  made  very  extensive  in- 
vestigations in  this  field,  the  atom  is  composed  of  a  positive 
nucleus  surrounded  by  a  large  number  of  electrons.  The  radio- 
active changes  are  due  to  the  breaking  down  of  this  positive 
nucleus,  which  is  imstable  in  certain  elements  like  radium.  It 
is  only  in  radioactive  elements  that  this  nucleus  is  unstable. 
The  old  alchemists  tried  to  change  the  base  metals,  lead,  iron, 
copper,  etc.,  into  gold.  They  believed  in  the  possibility  of 
the  transmutation  of  one  element  into  another.  Modem 
chemists  are  quite  sure  that  elements  like  iron  and  copper 
cannot  be  changed  into  gold  or  silver,  which  have  a  higher 
atomic  weight;  but  they  are  equally  convinced  that  certain 
elements  which  have  very  high  atomic  weights  do  form  simpler 
atoms  by  disintegration.  The  next  question  seems  to  be  how 
to  unlock  this  immense  quantity  of  energy  which  is  stored  up 
in  atoms  and  how  to  put  it  to  some  practical  use. 

This  new  theory  about  atoms  does  not  materially  influence 
practical  chemistry,  since  neither  heat,  light,  nor  electricity 
affects  the  rate  of  decomposition  of  radioactive  elements.  Yet 
one  result  has  come  from  all  of  these  investigations  which  is 
important  for  us,  namely,  that  there  is  now  no  question  of  the 
reality  of  atoms  and  molecules 
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SUMMARY  OF  CHAPTER  XXXVI 

ELECTRONS  are  sent  out  from  the  cathode  when  an  electric 
current  passes  through  a  highly  rarefied  gas.  X  rays  are  produced 
when  electrons  strike  an  obstacle.  X  rays  consist  of  very  short 
light  waves  which  affect  a  photographic  plate,  cause  zinc  sulfide 
to  fluoresce,  and  discharge  an  electroscope. 

CERTAIN  MINERALS  GIVE  OFF  RADIATIONS  LIKE  X 
RAYS  and  are  called  radioactive.  The  element  radium,  isolated 
in  very  small  amounts  from  an  ore  of  uranium,  is  extremely 
radioactive. 

RADIUM  is  chemically  much  like  barium.  Its  radioactivity 
is  independent  of  the  chemical  combination  of  the  element.  The 
bromide  is  generally  used. 

RADIUM  GIVES  OFF  THREE  SORTS  OF  "  RAYS  " :  alpha 
particles,  which  are  charged  helium  atoms;  beta  rays,  or 
electrons;  and  gamma  rays,  which  are  X  rays  produced  by  the 
electrons. 

RADIUM  EVOLVES  HEAT  slowly  but  continuously.  It  pro- 
duces a  new  element  called  raditmi  emanation,  or  niton^  which  is 
a  rare  gas.  The  disintegration  of  the  raditmi  atom  into  a  helitmi 
atom  and  a  niton  atom  goes  on  continuously  and  cannot  be  in  any 
way  controlled  or  altered.  Niton  also  disintegrates,  and  there  is 
a  whole  series  of  disintegration  products  from  raditun.  The 
final  form  is  raditmi  G,  or  radio  lead.  Radio  lead  is  chemically 
like  ordinary  lead  but  has  a  different  atomic  weight. 

There  are  other  disintegration  series.  Raditun  itself  is  probably 
formed  from  tiranitun. 

RADIUM  IS  USED  in  medicine  for  treating  cancer.  Certain 
imptire  radioactive  elements  are  used  in  making  Itiminescent 
paints.. 

One  result  of  the  study  of  radioactive  substances  has  been  to 
extend  greatly  otir  atomic  ^eory.  Atoms  of  radioactive  elements 
are  for  some  reason  tmstable  and  explode,  expelling  either  electrons 
or  atoms  of  helitun,  or  both.  The  atoms  of  most  of  the  elements 
are  stable  and  are  probably  made  up  of  a  positive  nucleus  and  a 
ntimber  of  electrons  revolving  about  the  nucleus.  There  is  now 
no  doubt  of  the  reality  of  atoms  aad  molecules* 
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Questions 

1.  How  is  radioactivity  different  from  the  usual  ohemibal  action? 

2.  Why  was  it  formerly  thought  that  radioactivity  contradicted 
the  Law  of  Conservation  of  Energy? 

3.  Why  do  not  modem  chemists  try  to  transmute  copper  into  gold? 

4.  What  is  meant  by  saying  that  uranium  is  the  **  parent  **  element 
and  lead  is  the  "  end  product  "of  a  series  of  radioactive  elements? 

6.  What  important  changes  in  our  theory  of  atoms  have  been 
brought  about  by  the  exx>eriments  with  radium? 

6.  Why  is  radium  such  a  very  costly  metal? 

7.  What  are  the  distinguishing  properties  of  the   alpha,   beta, 
and  gamma  radiations  sent  off  by  radium? 

8.  How  could  you  tell  whether  a  substance  were  radioactive? 

9.  How  could  you  test  the  activity  of  a  radioactive  substance? 
10.  What  is  the  most  striking  difference  between  radium  and  barium  ? 

Topic  for  Further  Study 

Modem  alchemy.  The  alchemists  of  old  endeavored  to  transform 
one  element  into  another ;  they  failed.  Today  chemists  can  watch 
one  element  spontaneously  change  into  another,  but  they  can  neither 
hasten  nor  retard  the  transmutation.  How  does  *'  modem  alchemy  '* 
differ  from  the  old?  (Bird* 8  Science  Reader,  Martin's  Modem  Chem- 
istry, and  Tilden'8  Chemical  Discovery.) 
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SIX  SYSTEMS  OF  CRYSTALS 

Ciystal  forms.  All  crystals  may  be  divided  into  six  dosses 
according  to  the  way  in  which  the  faces  are  arranged  about 
certain  imaginary  axes. 

I.  Isometric,  or  regular,  system  (Fig. 
252) :  three  equal  axes  at  right  angles  to 
each  other.  The  cube  and  octahedron  are 
examples.  Common 
salt,  galena,  and  gar- 
net belong  to  this  sys- 
tem. 

II.  Tetragonal  sys- 


^ 


Fig.  35a 


^ 


I 


Fig.  353 


tem  (Fig.  253) :  two  equal  axes  and  one  longer  or 

shorter y  aU  at  right  angles  to  each  other.    Cassiterite 

(Sn02)  belongs  to  this  system. 

III.  Orthorhombic  system  (Fig.  254):  three 
unequal  axes,  all  at  right  armies.  Sulfur,  salt- 
I>eter,  and  magnesium  sulfate  belong  to   this 


xf 


system. 

IV.  Monoclinic  system 
(Fig.  255) :  two  axes  at 
right  angles  and  a  third 
perpendicular  to  one  and 
inclined  to  the  other.  Glauber's  salt,  gypsum, 
and  ferrous  sulfate  belong  to  this  system. 

V.   Triclinic  system 


Fig.  354 


Fig.  355 


Fig.  356 


(Fig.  256) :  three  axes  all  inclined  to  each  other. 

Crystals  of  copper  sulfate  belong  to  this  system. 
VI.   Hexagonal  system 

(Fig.    257):     Four    axes; 

three  eqvxd  axes  in  the  same 

plane,  intersecting  at  angles 

of  60**,  and  a  fourth  at  right 
angles  to  all  these.     Snow  crystals,  quartz,  and  so- 
dium nitrate  belong  to  this  system.     Calcite  occurs  ^«  ^57 
in  rhombic  form,  which  is  usually  considered  as  belonging  to  this  system. 

For  further  details  the  reader  is  referred  to  E.  S.  Dana^s 
Minerals,  and  How  to  Study  Them,    3o\m  W\teY  &  Sons. 
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SOLUBILITY   OF   SOLIDS   IN   WATER 

This  table  shows  the  number  of  grams  of  anhydrous  solid  which 
when  dissolved  in  100  grams  of  water  make  a  saturated  solution  at  the 
temperature  stated. 


Substance 

Formula 

o*c. 

10*  c. 

20*  C. 

100*C. 

Ammonium  chloride    . 

NH4CI 

29.4 

33.3 

37.2 

77.3 

Barium  chloride      .     . 

BaClz 

31.6 

33.3 

35.7 

58.8 

Calcium  hydroxide .     . 

Ca(0H)2 

0.185 

0.176 

0.165 

0.077 

Copper  sulfate    .     .     . 

CUSO4 

14.3 

17.4 

20.7 

75.0 

Potassium  chloride .     . 

KCl 

27.6 

31.0 

34.0 

56.7 

Potassium  nitrate   .     . 

KNO3 

13.3 

20.9 

32.0 

246. 

Sodium  chloride      .     . 

Naa 

35.7 

35.8 

36.0 

39.0 

Sugar    

C12H22O11 

179. 

190. 

204. 

487. 

SOLUBILITY   OF  VARIOUS   GASES   IN   WATER 

(At  15^  C,  and  under  760  mm.  Pressure) 

Namtt  oh.  Oas  Volume  Absorbed  by 

WAMB  OP  UAS  J  Liter  op  Water 

Very  Soluble 

Ammonia 802.       liters 

Hydrogen  chloride 458.  " 

Sulphur  dioxide 47.3 

Moderately  Soluble 

Hydrogen  sulfide 3.05  " 

Chlorine 2.63  ** 

Carbon  dioxide 1.02  " 

SUghtly  Soluble 

Oxygen 0.034  " 

Hydrogen 0.019  " 

Nitrogen 0.018  " 

Taken  from  Kaye  and  Laby*8  Physical  and  Chemical  Constants. 
Longmans,  Green,  and  Co. 
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PRESSURE   OF  WATER  VAPOR,  OR  AQUEOUS  TENSION 

(In  millimeters  of  mercury) 


Tbmpbbaturb 

Prebsurs 

Temperature 

Prebsxtre 

Temperature 

Rrebsurb 

o°c. 

4.6  mm. 

11°  c. 

9.8  mm. 

22°  C.    * 

19.8  mm. 

V 

4.9 

12° 

10.5 

23° 

21.0 

2*^ 

5.3 

13° 

11.2 

24° 

22.3 

3° 

5.7 

14° 

12.0 

25° 

23.7 

4° 

6.1 

15° 

12.8 

26° 

25.1 

5° 

6.5 

16° 

13.6 

27° 

26.7 

6° 

7.0 

17° 

14.5 

28° 

28.3 

70 

7.5 

18° 

15.5 

29° 

29.9 

8° 

8.0 

19° 

16.5 

30° 

31.7 

9° 

8.6 

20° 

17.5 

50° 

92.3 

10° 

9.2 

21° 

18.6 

100° 

760.0 

DENSITIES   OF  IMPORTANT   GASES 


Approximate  weight  of  1  liter  under  standard  conditions 

Acetylene  (C2H2) 1.16  grams 

Air 1.29 

Ammonia  (NH,) 0.77 

Carbon  dioxide  (CO2) 1.98 

Carbon  monoxide  (CO) 1.25 

Chlorine  (CI2) 3.17 

Helium  (He) 0.18 

Hydrogen  (Hj) 0.09 

Hydrogen  chloride  (HCl) 1.64 

Hydrogen  sulfide  (HjS) 1.54 

Methane  (CH4) 0.72 

Nitric  oxide  (NO) 1.34 

Nitrogen  (N2) 1.25 

Nitrous  oxido  (N2O) 1.98 

Oxygen  (Oj) 1.43 

Sulfur  dioxide  (SOj) ^^^^ 
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Absolute  temperature  scale,  46. 

Absolute  zero,  46. 

Accessory  factors  in  diet,  291. 

Acetic  acid,  270. 

Acetylene,  258. 

Acid  anhydrides,  204. 

Acid  Bessemer  process  (steel),  391. 

Acid  open-hearth  process  (steel),  391. 

Acidic  oxides,  206. 

Acids,  action  of  metals  on,  32 ;  binary, 
147 ;  characteristics  of,  171 ;  defini- 
tion of,  32 ;  dibasic,  197 ;  in  general, 
119;  monobasic,  197;  naming  of, 
147  ;  organic,  270 ;  ternary,  147  ; 
volatile,  preparation  of,  202 ;  weak, 
172. 

Agricultural  chemistry,  341. 

Ak,  carbon  dioxide  in,  86;  composi- 
tion of,  85;  humidity  of,  87;  im- 
purities in,  86 ;  liquefaction  of,  81 ; 
a  mixture,  80;  temperature  of,  87. 

Alcohol,  denatured,  265;  ethyl,  265; 
ethyl,  formula  of,  265;  industrial, 
265;  methyl,  266;  ordinary,  263, 
preparation  of,  263,  properties  of, 
264  ;  solid,  164 ;  uses  of,  264 ;  wood, 
266. 

Alcoholic  liquors,  265. 

Aldehydes,  269. 

AlkaUes,  69,  120. 

Alkaline  earths,  368. 

Allotropic  forms,  185. 

Allotropy,  186. 

Alpha  modification  (steel),  394. 

Alpha  rays,  451. 

Alum,  ammonium,  363;  chrome,  363. 

Alumina,  362. 

Aluminates,  360. 

Aluminum,  bronze,  361 ;  compounds, 
353;  hydroxide,  362;  manufacture 


of,  359 ;  natural  compounds  of,  359 ; 
oxide,  362 ;  properties  of,  360 ;  uses 
of,  360. 

Alums,  363. 

Alundum,  362. 

Amalgams,  430. 

Ammonia,  208;  aqua,  216;  chemical 
behavior  of,  213 ;  composition  of, 
208 ;  Haber  process,  213 ;  house- 
hold, 208;  laboratory  preparation 
of,  209 ;  liquid,  refrigeration  with, 
210 ;  manufacture  of,  212 ;  made 
from  elements,  212;  properties  of, 
210;  process  (nitric  acid),  236; 
uses  of,  215  ;  water,  208. 

Ammonium,  alum,  363;  salts,  214, 
test  for,  215. 

Ammonium  chloride,  215. 

Ammonium  hydroxide,  214. 

Anode,  10,  169 ;  slime,  426. 

Antimony,  alloys  of,  343 ;  black,  342 ; 
occurrence  and  preparation,  342; 
properties  and  uses,  342. 

Antimony  trioxide,  343. 

Antiseptic  action,  331. 

Antiseptics,  326. 

Aqua  ammonia,  216. 

Aqua  fortis,  218. 

Aqua  regia,  221. 

Aqueous  solution,  56. 

Aqueous  tension,  50;  table  of,  Ap- 
pendix. 

Argon,  84. 

Aromatic  compounds,  274. 

Arrhenius,  Svante  August  (por- 
trait), 168. 

Arsenic,  342;  trioxide,  343. 

Asbestos,  368. 

Atmospheric  pressure,  measurement 
of,  42. 
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Atonit  definition  of,  95. 

Atomic  Theory,  92 ;  value  of,  93,  95 ; 

and  radium,  454. 
Atomic      weights      and      combining 

weights,  135. 
Atomic    weights    of     elements,    94, 

Back  Cover ;  method  of  calculating, 

133 ;  precise  determination  of,  136. 
Atoms,  92 ;  and  molecules,  94. 
Avogadro,  Amedeo  (portrait  medal), 

128. 
Avogadro's  theory,  128. 
Azote,  79. 

Babbitt  metal,  344. 

Bacteria,  331. 

BakeUte,  274. 

Baking  powder,  303. 

Barite,  380. 

Barium,  379. 

Barium  chloride,  380. 

Barium  sulfate,  380. 

Barometer,  mercurial,  42. 

Bases,   120 ;   characteristics  of,   171 ; 

naming  of,  147. 
Basic  Bessemer  process  (steel),  390. 
Basic  open-hearth  process  (steel),  391. 
Basic  oxides,  206. 
Bauxite,  359. 
Becquerel,  Henri,  449. 
Benzene,  274. 
Berzelius,   Johann   Jacob    (portrait), 

99. 
Bessemer  steel,  389. 
Beta  rays,  451. 
Bichloride  of  mercury,  431. 
Biological  chemistry,  278. 
Birkland-Eyde  electric  furnace,  235. 
Bismuth,  343 ;  alloys  of»  343. 
Bisulfites,  197. 
Black  lead,  246. 
Black  powder,  237. 
Blast  furnace,  384. 
Blast  lamp,  39. 
Bleaching,  329 ;  agents,  326 ;  powder, 

329,  379. 
Blister  steel,  395. 
Blue  prints,  404. 
Bluestone,  203,  428. 
Blue  vitriol,  428. 
Boiler  scale,  372. 


Boiling  point,  56. 

Bonds  (valence),  143. 

Boneblack,  247. 

Bordeaux  mixture,  428. 

Boyle,  Robert  (portrait),  43. 

Boyle's  Law,  43. 

Brandt,  337. 

Brass,  411,  427. 

Bridgman,  Percy  W.,  339. 

British  thermal  unit,  250. 

Bromides,  320. 

Bromine,  318 ;  water,  319. 

Bronze,  411,  427. 

Bronze,  phosphor,  427. 

Brownian  movement,  96. 

Bunsen,   Robert  Wilhelm   (portrait), 

311. 
Bunsen  burner,  257. 
Burner,   Bunsen,   257;   fishtail,   257; 

gas,  257 ;  on  gas  range,  257. 
Burning,  definition  of,  21 ;  products 

formed  by,  23. 
Burnt  sienna,  403. 
By-product,  302. 

Calcium,  370 ;  soaps,  373. 

Calcium  carbide,  379. 

Calcium  carbonate,  370. 

Calcium  chloride,  379. 

Calcium  cyanamide,  379. 

Calcium  fluoride,  379. 

Calcium  hydroxide,  376. 

Calcium  oxide,  374. 

Calculations,  chemical,  importance  of, 
110. 

Calomel,  430. 

Calorie  (large),  289;  (small),  250. 

Calorimeter,  250. 

Cane  sugar,  280. 

Caoutchouc,  190. 

Carbohydrates,  composition  of,  279; 
uses  of,  2SS. 

Carbolic  acid,  274. 

Carbon,  allotropic  forms  of,  244; 
amorphous,  246 ;  atoms,  double 
bond,  274,  triple  bond,  274 ;  chemi- 
cal behavior  of,  249 ;  compounds  and 
living  matter,  278 ;  crystalline,  245  : 
a  very  important  element,  244. 

Carbon  dioxide,  in  air,  86 ;  commer- 
cial  uses   of.    70;    and   monoxide, 
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composition  of,  74 ;  experiments 
with,  68 ;  liquid  and  solid,  70 ;  how 
plants  use,  67;  pure,  preparation 
of,  68;  production  of,  66;  proper- 
ties of,  69 ;  test  for,  66,  68. 

Carbon  disulfide,  189. 

Carbon  monoxide,  in  coal  fire,  71 ;  and 
dioxide,  composition  of,  74;  lab- 
oratory method  of  preparation,  72 ; 
properties  of,  72 ;  as  a  reducing 
agent,  72. 

Carbon  silicide,  358. 

Carbon  tetrachloride,  268. 

Carbona,  269. 

Carbonated  water,  69. 

Carbonic  acid  gas,  68. 

Carborundum,  356. 

Carbozyl  group,  270. 

Case  hardening  (steel),  395. 

Casein,  289. 

Cast  iron,  385. 

Catalyst,  19,  37 ;  effect  of,  233. 

Catalytic  agent,  19. 

Cathode,  10,  169. 

Caustic  potash,  307. 

Caustic  soda,  296,  299. 

Celluloid,  286. 

Cellulose,  283. 

Cement,  Portland,  377. 

Cementation  process  (steel) ,  395. 

Cementite,  387. 

Cerium  oxide,  444. 

Chalcocite,  424. 

Chamber  process  (sulfuric  acid),  199. 

Change,  chemical,  4,  95;  displace- 
ment, 33 ;  in  ever>'day  life,  1 ;  what 
happens  in,  2 ;  heat  and  light  often 
attend,  3 ;  types  of,  105 ;  no  change 
in  weight  in,  5. 

Change,  physical,  95. 

Changes  of  state  of  matter,  55. 

Charcoal,  245 ;  animal,  247 ;  wood,  246. 

Checking  up  answers,  112. 

Chemical  change,  see  Change,  chem- 
ical. 

Chemical  combination,  15. 

Chemical  compounds,  see  Com- 
pounds, chemical. 

Chemical    equation,     102;    how    to 

write,  103;  what  it  does  not  show, 

104. 

2h 


Chemical  formula,  100 ;  cautions  con- 
cerning, 104 ;  meaning  of,  101 ;  per- 
centage composition  from,  101. 

Chemical  reactions,  see  Reactions, 
chemical. 

Chemical  symbol,  99,  100. 

Chemist,  work  of,  6. 

Chemistry,  agricultural,  341 ;  bio- 
logical, 278 ;  domain  of,  2 ;  organic, 
262. 

Chile  saltpeter,  218. 

China,  364. 

Chlorates,  329. 

Chlorauric  acid,  439. 

Chloride,  how  formed,  121 ;  of  lime, 
329 ;  test  for,  122. 

Chlorine,  chemical  activity  of,  317; 
preparation  of,  315;  properties  of, 
316 ;  uses  of,  318 ;  water,  317,  337. 

Chloroform,  268. 

Chlorophyll,  282. 

Chloroplatinic  acid,  440. 

Chromates,  443. 

Chrome  alum,  363 ;  yellow,  419. 

Chromic,  acid,  443;  anhydride,  442; 
oxide,  442;  salts,  443. 

Chromium,  442 ;  preparation  of,  362. 

Cinnabar,  430. 

Citric  acid,  271. 

Clay,  364. 

Coagulation,  163. 

Coal,  246;  anthracite,  248;  bitumi- 
nous, 248;  distillation  of,  by-prod- 
ucts of,  273 ;  a  fuel,  249 ;  gas,  72, 
254. 

Coal-tar  dyes,  274. 

Cobalt,  399,  406 ;  compounds,  407. 

Coke,  247 ;  production  of,  248. 

Collodion,  286. 

Colloids,  162;  applications  of,  163; 
mutual  protection  of,  273. 

Combining  weight,  135;  and  atomic 
weight,  method  of  determining,  136. 

Combustion,  conditions  for  producing, 
26;  definition  of,  24;  Lavoisier's 
experiment  on,  22 ;  products  of,  23 ; 
spontaneous,  25. 

Common  salt,  295. 

Compounds,  chemical,  aromatic,  274; 
decomposition  of,  14 ;  definite  com- 
position of,  13 ;  defil^^.tAftvv^l^^S^^^!^^ 
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examples  of,  13;  formula  of,  138; 
inorganic,  262,  and  organic,  278; 
mineral,  in  food,  288;  va,  mixtures, 
14;  naming  of,  147;  number  and 
importance  of,  16 ;  organic,  262,  and 
inorganic,  278 ;  production  of,  from 
two  elements,  12 ;  properties  of, 
different  from  constituent  elements, 
12 ;  unsaturated,  286. 

Concentration,  effect  of,  230 ;  Law  of, 
229. 

Concrete,  378 ;  refinforced,  378. 

Condenser,  57. 

Conservation  of  energy,  law  of,  250. 

Conservation  of  matter,  law  of,  6. 

Contact  process  (sulfuric  acid),  199. 

Converter  (steel),  389. 

Copper,  compounds  of,  427 ;  cupric 
compounds  of,  427 ;  cupric  oxide  of, 
427 ;  cuprous  compounds  of,  427 ; 
cuprous  oxide  of,  427 ;  electrolytic 
refining  of,  425;  froth  flotation 
process,  425;  metallurgy  of,  424; 
native,  424 ;  ores,  low-grade,  425 ; 
oxides  of,  427 ;  properties  and  uses, 
427 ;  pyrite,  424 ;  in  replacement 
series,  424. 

Copperas,  403. 

Corn  sirup,  281. 

Corrected  pressure,  50. 

Correction  for  water  vapor,  49. 

Corrosive  sublimate,  431. 

Corundum,  362. 

Cotton,  283 ;  mercerized,  285. 

Court-plaster,  liquid,  286. 

Cracking  of  oils,  253. 

Cream  of  tartar,  271. 

Critical  range  of  temperature,  394. 

Critical  temperature,  35,  81. 

Crucible  steel,  388. 

Crude  oil,  252. 

Cryolite,  359. 

Crystal  forms.  Appendix, 

Crystallization,  153 ;  water  of,  155. 

Crystals  of  sulfur,  184. 

Cupric  oxide  of  copper,  427. 

Cupric  sulfate,  428. 

Cuprite,  424. 

Cuprous  oxide  of  copper,  427. 

Curie,   Marie  Skladowska  (portrait), 
449. 


Current  of  electricity,  178. 
Cyanamide  process  (nitrogen),  236. 
Cyanide  process  (gold),  439. 
Cycle  of  carbon  and  oxygen,  86. 

Dakin's  solution,  331. 

Dalton,  John  (portrait),  92. 

Davy,  Sir  Humphry  (portrait),  308. 

Decomposition,  double,   107;  simple, 

105. 
Definite  proportions,  law  of,  14. 
Dehydrated  salt,  155. 
Dehydrating  action  of  sulfuric  add, 

201. 
Deliquescence,  308. 
Denatured  alcohol,  265. 
Density,  definition  of,  4,  41 ;  of  a  gas, 

how  to  compute,  41. 
Destructive  distillation,  246. 
Detonation,  237. 
Developing  (photography),  433. 
Dewar  flask,  83. 
Diamond,  245. 
Dibasic  acids,  197. 
Direct  combination,  106. 
Disinfecting  action,  331. 
Disintegration  series,  452. 
Displacement,  33. 
Distillation,  of  alcohol,  263;  of  coal, 

by-products    of     (diagram),     273; 

destructive,    246;   fractional,    264; 

of  water,  57. 
Distilled  liquors,  265. 
Dolomite,  368. 
Double  decomposition,  107. 
Double  salts,  363. 
Dutch  process  (white  lead),  419. 
Dryers,  287. 
Drying     (linseed    oil),     287;    tower 

(ammonia),  209. 
Dyes,  275 ;  coal-tar,  274. 
Dynamite,  238. 

Earths,  alkaline,  368. 
Edible  oils,  287. 
Effervescence,  68. 
Efflorescence,  155,  304. 
Electric,  cell,  428 ;  furnace,  393. 
Electrolysis,  169;  of  sluminum,  359; 
of  copper,  426 ;  definition  of,  11. 


INDEX 


467 


(Numbers  refer  to  pagee.) 


Electrolytes,  167. 

Electrolytic  method  (sodium  hy- 
droxide), 297. 

Electromotive  series,  429. 

Electron,  177,  447 ;  in  electric  cell,  429. 

Electroscope,  449. 

Elements,  definition  of,  12 ;  in  free 
state,  15;  list  of,  facing  Back 
Cover;  occurrence  of,  15;  impor- 
tant (table).  Back  Cover. 

Emery,  359,  362. 

Empirical  formula,  265. 

Emulsion,  162. 

Endothermic  reaction,  254. 

Energy,  250;  conservation  of,  law  of, 
250 ;  definition  of,  250. 

Enriching  (water  gas),  255. 

Enzymes,  283. 

Epsom  salt,  203,  370. 

Equation,  chemical,  102;  gas,  48; 
quantitative,  meaning  of,  110; 
word,  13. 

Esters,  271,  286. 

Ether,  448  ;  ethyl,  267 ;  methyl,  268. 

Ethers,  268. 

Ethyl  acetate,  271. 

Ethyl  alcohol,  265. 

Ethylene,  256. 

Ethyl  ether,  267. 

Eudiometer,  60. 

Evaporation,  55. 

Exothermic  reaction,  251. 

Explosives,  233,  236. 

Extinguishing  fire,  26. 

Fabrics,  283. 

Factors,  accessory,  in  diet,  291. 

Facts  and  theories,  91. 

Faraday,  Michael  (portrait),  169. 

Fats,  271,  286,  288. 

Fehling's  solution,  427. 

Fermentation,  alcoholic,  of  grain,  283. 

Ferric  chloride,  400. 

Ferric  compound^  400. 

Ferric  ferrocyanide,  403. 

Ferric  hydroxide,  401. 

Ferric  oxide,  401,  402. 

Ferric  tannate,  405. 

Ferricyanides,  404. 

Ferro-alloys,  444. 

Ferrocyanides,  403. 


If 


Ferrous  chloride,  400. 

Ferrous  compounds,  400. 

Ferrous  hydroxide,  401. 

Ferrous  sulfate,  403. 

Ferrous  sulfide,  403. 

Ferrous  tannate,  405. 

Fertilizers,  233,  306. 

FiUers,  284. 

Filtration  of  water,  58. 

Fire  extinguishers,  27,  70 ;  *'  Pyrene, 
269. 

Fire  extinguishing,  26. 

Fireworks,  369. 

Fischer,  Emil  (portrait),  288. 

Fishtail  burner,  257. 

Fixation  of  nitrogen,  233. 

Fixing  (photography),  434. 

Flames,  gas,  257. 

Flashlight  powder,  369. 

Flash  point,  26. 

Flowers  of  sulfur,  182. 

Fluorescent  screen,  448. 

Fluorine,  322. 

Flux,  410. 

Food,  how  much  needed,  291 ;  mineral 
compounds  in,  288;  percentage 
composition  of  (table),  289;  usee 
of,  288 ;  value  of,  289. 

Fool's  gold,  181. 

Formaldehyde,  269. 

F(  rmalin,  270. 

Formic  acid,  270. 

Formula,  chemical,  100;  of  com- 
pound, 138;  empirical,  265;  result 
of  experiments,  127 ;  structural, 
266 ;  writing,  145. 

Fractional  distillation,  264. 

Fractionating  column  of  still,  264. 

Fractions  of  distillate,  263. 

Fraunhofer  lines,  311. 

Freezing  mixture,  158. 

French  chalk,  369. 

Froth  flotation  process  (copper) ,  425. 

Fructose,  280. 

Fuel  gases,  composition  of,  255. 

Fuels,  gaseous,  254 ;  and  smoke,  251 ; 
soUd,  251. 

Fuming,  nitric  acid,  220;  sulfuric 
acid,  200. 

Furnace,  electric,  Birkland-Eyde,  235 ; 
Heroult,  393,  Frontispiece. 
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Galena,  415. 

Galenite,  181. 

Gallium,  prediction  concerning,  349. 

Gamma  iron,  394. 

Gamma  rays,  451.  * 

Gangue^  410. 

Gas,  coal,  254 ;  density  of,  41 ;  equa- 
tion, 48 ;  flames,  257 ;  natursti,  254 ; 
poison,  316;  producer,  255;  water, 
254. 

Gas  burners,  257. 

Gaseous  fuels,  254. 

Gases,  kinetic  theory  of,  50 ;  rare,  84 ; 
solubility  of,  in  liquids,  159;  uni- 
formity of,  127. 

Gasolene,  252. 

Gas  volumes,  correction  of,  44. 

Gay-Lussac,  Joseph  Louis  (portrait), 
61. 

Gay-Lussac's  law  of  volumes,  61,  128. 

Gels,  164. 

German  silver,  406,  411. 

Glass,  356. 

Glauber's  salt,  299. 

Glaze,  364. 

Glucose,  280. 

Gold,  mining  and  extraction,  438 ; 
properties  and  uses,  439.. 

Gold  chloride,  439. 

Gram-molecular  volume,  131. 

Gram-molecular  weight,  131. 

Grape  sugar,  281. 

Graphite,  245. 

Gravimetric  sjrnthesis  of  water,  62. 

Greeks  and  science,  92. 

Green  vitriol,  403. 

Guncotton,  286. 

Gypsum,  181. 

Haber  process  (ammonia),  213. 

Haematite,  383. 

Hall,  Charles  M.,  359. 

Halogens,  315;  comparison  of,  323; 

replacement  of,  321. 
Hard  water,  371. 
Heat,  measurement  of,  250. 
Helium,  84 ;  atoms,  452 ;  new  use  for, 

85. 
Henry,  law  of,  159. 
Heroult  furnace,  393,  Frontispiece. 
homogeneous  material,  10. 


Homologous  series,  267. 

Household  ammonia,  37S. 

Humidity,  87. 

Hydrates,  155. 

Hydriodic  acid,  321. 

Hydroparbons,  252,  256,  d73;  acety- 
lene series,  273 ;  aromatic  com- 
pounds, 274;  ethylene  series,  273; 
paraffin  series,  256. 

Hydrochloric  acid,  119,  122. 

Hydrocyanic  acid,  305. 

Hydrofluoric  acid,  323. 

Hydrogen,  atom,  standard,  131 ; 
chemical  behavior  of,  36;  for  com- 
mercial purposes,  how  prepared, 
38;  where  found,  30;  in  periodic 
system,  350;  preparation  of,  in 
laboratory,  32,  from  water,  30; 
properties  of,  35 ;  purification  of,  83  ; 
test  for,  11 ;  uses  of,  38. 

Hydrogen  bromide,  319. 

Hydrogen  chloride,  composition  of, 
123 ;  formation  of,  36 ;  preparation 
of,  116;  properties  of,  118. 

Hydrogen  fluoride,  323. 

Hydrogen  iodide,  321. 

Hydrogen  peroxide,  332. 

Hydrogen  sulfide,  formation  of,  36; 
occurrence  of,  186;  preparation  of, 
186 ;  properties  of,  187 ;  use  of,  in 
laboratory,  188. 

Hydrogenation,  38 ;  of  oils,  287. 

Hydrolysis,  271,  280,  304. 

Hydrosulfuric  acid,  188. 

Hydroxide  of  a  metal,  31. 

Hydroxyl  group,  120. 

Hypo,  305. 

Hypochlorites,  328. 

Hypochlorous  acid,  326 ;  as  bleaching 
agent,  329;  as  disinfecting  agent, 
332 ;  oxidizing  action  of,  327. 

Iceland  spar,  370. 
Indian  red,  403.       j, 
Indicator,  120. 
Industrial  chart,  205. 
Infusorial  earth,  354. 
Ink,  blue-black,  405. 
Inks,  405. 
Ink  spots,  405. 
InsolubiUty,  152. 
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Invar,  395. 

Inversion,  280. 

Iodides,  321. 

Iodine,  320 ;  test  for,  321 ;  tincture  of, 
321. 

Ionic  reactions,  173. 

Ionization,  168;  degree  of,  172. 

Ions,  theory  of,  168 ;  valence  of,  176. 

Iron,  alloys,  395. 

Iron,  cast,  385 ;  corrosion  of,  420 ;  gal- 
vanized, 411 ;  gamma,  394;  impor- 
tance of,  383 ;  magnetic  oxide  of, 
403 ;  microscopic  study  of,  388 ; 
ores,  383 ;  oxides,  402 ;  in  periodic 
system,  399 ;  pig,  385 ;  pure,  399 ; 
pyrite,  181,  403;  and  steel,  com- 
parison of,  396 ;  wrought,  386. 

Iron  carbide,  387; 

Iron  chlorides,  400. 

Iron  hydroxides,  401. 

Isomers,  268. 

Jute,  283. 

Kaolin,  364. 
Kerosene,  253. 
Kindling  point,  25. 
Kinetic  equilibrium,  229. 
Kinetic  theory  of  gases,  50. 
Kinetic  theory  of  solutions,  161. 
Kipp  generator,  33. 
Krypton,  84. 

Lactic  acid,  289. 

Lakes,  414. 

Lampblack,  245,  247. 

Lard,  287. 

Laughing  gas,  225. 

Lavoisier,  Antoine  Laurent  (portrait), 
22. 

Lavoisier's  experiment  on  combus- 
tion, 22. 

Law,  Boyle's,  43 ;  of  Charles,  47 ;  of 
concentration  or  mass  action,  229; 
of  conservation  of  energy,  250;  of 
conservation  of  matter,  6;  of  defi- 
nite proportions,  14 ;  definition  of, 
6,  91;  Gay-Lussac's,  61,  128;  of 
Henry,  159 ;  of  mass  action,  230 ;  of 
multiple  proportions,  74. 


Lead,  alloys  of,  416;  compounds  of, 
416 ;  dedlverization  of,  431 ;  metal- 
lurgy of,  415;  properties  and  uses, 
416;  radioactive,  453;  red,  417; 
shot,  416;  storage  battery,  417; 
white,  418. 

Lead  chromate,  443. 

Lead  dioxide,  417. 

Lead  sulfide,  418. 

Leblanc  process  (sodium  carbonate), 
299. 

Liebig,  Justus  (portrait),  341. 

Lime,  374;  kiln,  375;  superphosphate 
of,  341 ;  water,  376. 

Limelights,  375. 

Limestone,  371. 

Liming  of  soil,  342. 

Limonite,  383. 

Linen,  283. 

Linseed  oil,  286. 

Liquid  air,  83 ;  oxygen  made  from,  27. 

Litharge,  416. 

Lithophone,  412. 

Litmus,  68. 

Lodestone,  403. 

Lubricating  oils,  253. 

Luminescence,  339. 

Lunar  caustic,  432. 

Lye,  299. 

Magnalium,  361. 

Magnesia,  369 ;  milk  of,  369. 

Magnesite,  368. 

Magnesium,  368 ;  compounds  of,  368 ; 

salts,  370 ;  soaps,  373. 
Magnesium  chloride,  370.  \ 

Magnesium  hydroxide,  369. 
Magnesium  nitride,  80. 
Magnesium  oxide,  369. 
Magnesium  sulfate,  370. 
Magnetite,  383. 
Malachite,  424. 

Manganese,  441 ;  preparation  of,  362. 
Manganese  dioxide,  441. 
Manganotts  salts,  441. 
Marble,  371. 
Mass  action,  law  of,  230. 
Matches,  339 ;  safety,  340. 
Material,  homogeneous,  10. 
Materials,  how  recognized,  3. 
Matte,  425. 
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Matter,  states  of,  55. 

Meerschaam,  368. 

Melting  point,  56. 

Mendeleje£f  (portrait),  344. 

Mercerized  cotton,  285. 

Mercuric  chloride,  431. 

Mercurous  chloride,  430. 

Mercury,  bichloride  of,  431. 

Mercury,  occurrence  and  metallurgy, 
430;  red  oxide  of,  11;  in  replace- 
ment series,  424. 

Metallic  manganese,  442. 

Metallic  potassium,  308. 

Metallic  sodium,  3D8. 

Metallography,  388. 

Metallurgy,  general  principles  of,  409. 

Metals  and  the  periodic  system,  348. 

Metals,  replacement  series  of,  419. 

Methane,  256. 

Methyl  alcohol,  266. 

Methyl  ether,  268. 

Milk,  cow's,  composition  of,  289. 

MUk  of  lime,  376. 

Milk  of  magnesia,  369. 

Mineral  compounds  in  food,  288. 

Minium,  417. 

Mixture,  vs.  compound,  14,  16 ;  defini- 
tion of,  9  ;  freezing,  158 ;  separation 
of,  14. 

Moisson,  Henri,  322. 

Moisture,  in  air,  87. 

Molecules,  50 ;  atoms  and,  94 ;  defini- 
tion of,  95 ;  size  of,  97. 

Molecular  formulas,  104. 

Molybdenum,  444. 

Monazite  sand,  444. 

Mond  process  (nickel  and  copper), 
407. 

Monel  metal,  406. 

Monobasic  acids,  197. 

Mordants,  414. 

Mortar,  376. 

Moth  baUs,  274. 

Multiple  proportions,  law  of,  74. 

Muriatic  acid,  119. 

Naphthalene,  274. 
Nascent  oxygen,  329. 
Nascent  state,  221. 
Natural  gas,  254. 
Negative  (photography)  ^  433.   . 


Neon,  84. 

Neutralization,  171 ;  of  base  and  acid« 
120. 

New-skin,  286. 

Nickel,  399;  for  coinage,  406;  com- 
pounds, 407 ;  properties  and  uses, 
406 ;  steel,  395,  406. 

Niter,  218. 

Niton,  452. 

Nitrates,  222 ;  higher,  286 ;  lower,  286 ; 
test  for,  223. 

Nitric  acid,  218;  action  with  metals, 
221 ;  fuming,  220 ;  oxidizing  action 
of,  220 ;  preparation  of,  219  ,  prop- 
erties of,  219 ;  uses  of,  223. 

Nitric  oxide,  224. 

Nitrocellulose,  237,  285. 

Nitrogen,  compounds  as  fertilizers, 
240 ;  cycle,  239  ;  family,  337 ;  fixa- 
tion of,  233 ;  importance  of,  78 ; 
oxides  of,  80,  223 ;  preparation  of, 
from  air,  78 ;  properties  of,  79 ; 
pure,  preparation  of,  79  ;  uses  of,  84. 

Nitrogen  dioxide,  224. 

Nitroglycerin,  238. 

Nitrous  oxide,  225. 

Nonelectrolytes,  167. 

Nonmetals,  204 ;  and  the  periodic 
system,  347. 

Oil,  linseed,  286 ;  olive,  287 ;  Russian, 

253. 
Oils,  286 ;  asphaltic,  253 ;  cracking  of, 

253;     drying,     286;     edible,     287; 

hydrogenation  of,  287;  lubricating, 

253 ;  vegetable,  286. 
Open-hearth  process  (steel),  391. 
Ores,  409. 

Organic  chemistry,  262. 
Osmosis,  157. 
Osmotic  pressure,  156. 
Oxalic  acid,  271. 
Oxidation,    400 ;    definition    of,    24 ; 

direct,  of  nitrogen,  234;  of  linseed 

oil,   287;  and  reduction,   38,    107; 

speed  of,  25. 
Oxide,  definition  of,  24. 
Oxides,  acidic,  206 ;  basic,  206. 
Oxidizing  agent,  202. 
Oxidizing  substances,  326. 
Oxyacetylene  welding,  2^9. 
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Oxygen,  behavior  of  substances  heated 
in,  20 ;  characteristics  of,  21 ;  com- 
mercial uses  of,  27 ;  importance  of, 
18 ;  manufacture  of,  27 ;  nascent, 
329  ;  preparation  of,  19  ;  sulfur  and, 
comparison  of,  191 ;  test  for,  11,  20. 

Ozyhydrogen  flame,  39. 

Ozone,  333. 

Paper,  283. 

Paraflin,  253  ;  series  of  hydrocarbons, 

256. 
Paris  green,  343. 
Parke's  process  (silver),  431. 
Parr's  peroxide  bomb,  251. 
Percentage  composition  from  formula, 

101. 
Periodic   classification,   345,    (chart), 

346. 
Periodic  system,  344;  value  and  use 

of,  349. 
Permanganates,  442. 
Permutite  process  (softening  water), 

374. 
Peroxides,  333. 
Petrolatum,  liquid,  253. 
Petroleum,  252. 
Phenol,  274. 

Phosphates  as  fertilizers,  341. 
Phosphor  bronze,  427. 
Phosphoric  acid,  340. 
Phosphorus,  black,  339 ;  history  and 

occurrence,    337 ;     preparation    of, 

338;  prooerties  of,  338;   red,  339; 

white,  338. 
Phosphorus  pentoxide,  340. 
Phosphorus  sesquisulfide,  340. 
Photography,  chemistry  of,  433. 
Picric  acid,  238. 
Pig  iron,  385. 
Pigments.  287. 
Pitch  blende,  450. 
Placer  mining,  438. 
Plaster,  376 ;  of  Paris,  203,  377. 
Platinite,  395,  441. 
Platinized  asbestos,  440. 
Platinum,   440;   black,  441;   sponge, 

440. 
Plumbago,  246. 
Pneumatic  trough,  20. 
Polonium,  450. 


Porcelain,  364. 

Portland  cement,  378. 

Potash,  306 ;  caustic,  307. 

Potassium,  compounds,  295,  305; 
flame  test  for,  309;  metallic,  308; 
salts  as  fertilizers,  306. 

Potassium  bicarbonate,  307. 

Potassium  carbonate,  307. 

Potassium  chlorate,  19. 

Potassium  chromate,  443. 

Potassium  dichromate,  443. 

Potassium  ferrocyanide,  403. 

Potassium  hydroxide,  307. 

Potassium  manganate,  442. 

Potassium  nitrate,  307. 

Potassium  permanganate,  442. 

Pottery,  364. 

Precipitate,  122. 

Precipitated  chalk,  69,  371. 

Pressure,  changes  volume  of  gas,  43 ; 
osmotic,  156 ;  standard  condition  of. 
41. 

Priestley,  Joseph  (portrait),  18. 

Printing  (photography),  434. 

Problems,  rules  for  solving,  114;  in- 
volving volumes  of  gases,  130. 

Producer  gas,  255. 

Properties,  4. 

Proteins,  288. 

Prussian  blue,  403. 

Prussic  acid,  305. 

Purification  of  water,  57,  363. 

Putty,  371. 

''  Pyrene  "  fire  extinguisher,  269. 

Pjrrogallic  acid,  274. 

I^olusite,  441. 

Qualitative  analysis,  434. 
Qualitative  experiment,  62. 
Quantitative  experiment,  62. 
Quantitative   meaning   of   equations, 

110. 
Quantitative  observations,  158. 
Quicklime,  375. 

Radicals,  144. 

Radioactivity,  449. 

Radio  lead,  453. 

Radium,  450 ;  and  the  atomic  theory, 
454 ;  emanation,  452 ;  energy  of, 
451 ;  rays,  450 ;  uses  of,  454. 


472 


INDEX 


(Numbers  refer  to  pages.) 


Ramsay,  Sir  William  (portrait),  84. 

Rare  earths,  444. 

Rare  elements,  in  periodic  system,  350. 

Rare  gases,  84. 

Reacting  weight,  135. 

Reactions,  chemical,  13 ;  which  go  to 
completion,  174 ;  ionic,  173 :  re- 
placement, 146;  reversible,  107, 
228;  types  of,  105. 

Red  oxide  of  mercury,  decomposition 
of,  11. 

Reduction,  37,  400;  and  oxidation, 
38,  107. 

Refrigeration,  with  liquid  ammonia, 
210. 

Replacement,  simple,  106. 

Replacement  of  halogens,  321. 

Replacement  reactions,  146. 

Replacement  series  of  metals,  419. 

Resistance  furnace,  electric,  245, 

Reverberatory  furnace,  386. 

Reversible  reactions,  107,  228. 

Richards,  Theodore  W.  (portrait), 
137. 

Rock  salt,  296. 

Roll  sulfur,  182. 

Rouge,  403. 

Rubber,  artificial,  191 ;  hard,  190 ; 
manufacture  of,  190;  plantations, 
191 ;  vulcanizing,  190. 

Rubies,  359. 

Russian  oil,  253. 

Rust,  402. 

Sal  ammoniac,  215. 

Salt,  common,  295,  and  sulfuric  acid, 

116;    Glauber's,  299;    naming    of, 

148;  rock,  296. 
Saltpeter,  218,  307. 
Salts,  double,  363 ;  magnesium,  370 ; 

potassium,  as  fertilizers,  306. 
Sandpaper,  354. 
Saponification,  271. 
Sapphires,  359. 
Scheele,  Karl  Wilhelm,  19. 
Semi-permeable  membrane,  157. 
Series,  homologous,  267. 
Siderite,  383. 
Sienna,  403. 
Signal  lights,  369. 
SigniScant  BgureSt  112. 


SiUca,  353. 

Silicates,  355. 

Silicic  acid,  355. 

Silicon,  358 ;  compounds,  353. 

Silicon  dioxide,  353. 

Silicon  tetrafluoride,  323. 

SUk,  284. 

Silver,  cleaning,  432;  German,  406; 
metallurgy  of ,  431 ;  in  replacement 
series,  424 ;  sterling,  431 ;  uses  of, 
431. 

Silver  bromide,  432. 

Silver  chloride,  432. 

Silver  halides,  432. 

Silver  iodide,  432. 

Silver  nitrate,  432. 

Simple  decomposition,  105. 

Simple  replacement,  106. 

Slag,  384,  410. 

Slaked  lime,  375. 

Smelling  salts,  216. 

Smelting,  383. 

Smoke,  252 ;  and  fuels,  251. 

Smokeless  powder,  237. 

Soap,  272 ;  cleansing  power  of,  273. 

Soapstone,  368. 

Soda  ash,  299. 

Soda  crystals,  304. 

Soda  water,  70. 

Sodium,  compounds,  295,  vs.  ammo> 
nium  compounds,  309 ;  flame  test 
for,  309 ;  metallic,  308. 

Sodium  bicarbonate,  302. 

Sodium  carbonate,  299,  302. 

Sodium  chlorate,  329. 

Sodium  chloride,  116,  231,  295. 

Sodium  cyanide,  305. 

Sodium  hydrogen  sulfate,  202. 

Sodium  hydroxide,  296,  298. 

Sodium  peroxide,  309. 

Sodium  silicate,  355. 

Sodium  thiosulfate,  305. 

Solder,  416. 

Solid  alcohol,  164. 

Solubilities  of  solids  in  water,  Ap- 
pendix. 

Solubility,  of  gases  in  liquids,   159 
genersd  rules  for,   175;  of  a  sub- 
stance, 152. 

Solution,  concentrated,  152;  defini- 
tion of,  56 ;  dilute,  152. 
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Soltttions,  boiling  and  freezing  point 
of,  158;  colloidal,  162;  conduc- 
tivity of,  166;  importance  of,  155; 
nature  of,  160;  saturated,  151. 

Solvay  process  (sodium  carbonate), 
300. 

Solvents,  56,  151. 

Specific  gravity,  55. 

Spectroscope,  311. 

Spectrum  chart,  facing  310. 

Spontaneous  combustion,  25. 

Stains.  405. 

Stalactites,  372. 

Stalagmites,  372. 

Standard  conditions  of  temperature 
and  pressure,  41. 

Stannic  acid,  414. 

Stannic  chloride,  414. 

Stannic  hydroxide,  414. 

Stannic  salts,  413. 

Stannous  chloride,  413. 

Stannous  hydroxide,  413. 

Stannous  salts,  413. 

Starch,  282  ;  granules,  282. 

States  of  matter,  55. 

Steam,  55. 

Steel,  Bessemer,  389;  blister,  395; 
chromiunQ,  395;  chromium-nickel- 
vanadium,  396;  chromium  vana- 
dium, 396 ;  crucible,  388  ;  hardened, 
394  ;  high-speed,  395 ;  microscopic 
study  of,  388;  mild,  387;  nickel, 
395,  406 ;  tempering  of,  393. 

Steels,  special,  395. 

Sterling  silver,  431. 

Storage  battery,  lead,  417. 

Strontium,  379. 

Structural  formula,  266. 

Sublimation,  321. 

Substance,  definition  of,  9;  insoluble 
in  water,  175. 

Substitution  products,  268. 

Sucrose,  280. 

Sugar,  beet,  279;  cane,  280;  grape, 
281 ;  ordinary,  279. 

Sulfate,  test  for,  203. 

Sulfates,  203. 

Sulfites,  197. 

Sulfur,  amori)hous,  185 ;  chemical  be- 
havior of,  186 ;  flowers  of,  182 ;  im- 
portance  of,    181;   industrial   pro- 


duction of,  181 ;  occurrence  of,  181 ; 
V8.  oxygen,  191 ;  plastic,  185 ;  prop- 
erties of,  183;  rhombic,  184;  roll, 
182 ;  in  manufacture  of  rubber,  190 ; 
varieties  of,  184. 

Sulfur  dioxide,  194,  197. 

Sulfur  trioxide,  197. 

Sulfuric  acid,  concentrated,  32,  201, 
action  with  salts,  202 ;  dehydrating 
action  of,  201 ;  dilute,  32,  203 ;  fum- 
ing, 200 ;  manufacture  of,  197,  199 ; 
and  salt,  116 ;  uses  of,  204. 

Sulfurous  acid,  195;  reducing  agent, 
196. 

Superphosphate  of  lime,  341. 

Supersaturation,  155. 

Suspensions,  161. 

Symbols,  chemical,  99. 

Synthesis.  106. 


Talc,  368. 

Tallow,  beef,  287. 

Tannic  acid,  405. 

Tartaric  acid,  271. 

Temperature,    of    air,    87;    changes 

volume    of    gas,    45 ;    critical,    81 ; 

effect  of,  232 ;  scale,  absolute,  46 ; 

standard  conditions  of,  41. 
Theory,  definition  of,  92 ;  of  ions,  168 ; 

of  Avogadro,  128. 
Thermite,  361. 
Thermos  bottle,  83. 
Thorium,  444. 
Tin,  block,  413 ;  compounds  of,  413 

foil,     413;     metallurgy     of,     412 

plate,  413 ;    from  tin    plate,   415 

tinware,  413. 
T.N.T.,  238. 
Toluene,  274. 
Tribasic  acid,  197. 
Trinitrotoluene  (T.N.T.),  238. 
Tungsten,  441,  444. 
TumbuU's  blue,  404. 
Tuyeres  (blast  furnace),  384. 
Type  metal,  344,  416. 

Umber,  403. 

Uniformity  of  gases,  127. 

Units,  common,  in  metric  and  English 
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Unsaturated  compounds,  286. 
Uranium,  449. 

Vacuum  tube,  447. 

Valence,  of  common  elements  and 
groups,  143,  144  (Table) ;  defini- 
tion of,  142 ;  determining,  147 ;  im- 
portance of,  142 ;  of  ions,  176 ;  and 
periodic  system,  345 ;  variable,  144. 

Vanadium,  395,  444. 

van't  Hoff,  Jacobus  Hendricus  (por- 
trait), 160. 

Venetian  red,  403. 

Ventilation,  88. 

Vitamines,  291. 

Vitriol,  oil  of,  32,  201. 

Volatile  acids,  202. 

Volume  of  gas,  changes,  with  tem- 
perature, 45,  with  pressure,  43. 

Volume,  gram-molecular,  131. 

Vulcanite,  191. 

Vulcanizing,  190. 

Washing  soda,  303;  for  softening 
water,  373. 

Water,  analysis  of,  60 ;  boiling  of,  56, 
58 ;  carbonated,  69  ;  composition  of, 
59,  by  weight,  62 ;  decomposition 
of,  59 ;  density  of,  54 ;  distillation 
of,  57 ;  distilled,  uses  of,  57 ;  drink- 
ing, chemical  treatment  of,  59 ; 
electrolysis  of,  60 ;  gas,  254,  making 
of,  255 ;  glass,  355 ;  gravimetric 
synthesis  of,  62 ;  hard,  371 ;  impor- 
tance of,  54;  natural,  impure,  56; 


occurrence,  54 ;  percentage  com- 
position of,  63*;  properties  of,  54 ; 
purification  of,  57,  363 ;  soda,  70 ; 
softening  of,  373 ;  solvent  power  of, 
56 ;  synthesis  of,  by  volume,  60 ; 
vapor,  correction  for,  49. 

Weight,  gram-molecular,  131. 

Weight,  molecular,  finding,  131 . 

Weight,  problems  involving,  111 ;  and 
volimie,  problems  involving,  112. 

Welding,  by  thermite,  361. 

Welsbach,  lamp,  258;  mantle,  444. 

White  vitriol,  412. 

Whitewash,  376. 

Whiting,  371. 

Wood,  283. 

Wood  alcohol,  266. 

Wood's  metal,  343. 

Wool,  284. 

Word  equation,  interpretation  of,  13. 

Wrought  iron,  387. 

Xenon,  84. 
X  rays,  448. 
X-ray  tube,  448. 

Zinc,  411;  metallurgy  of,  410. 
Zinc  blende,  181,  410. 
Zinc  chloride,  411. 
Zinc  hydroxide,  411. 
Zinc  oxide,  411. 
Zinc  sulfide,  412. 
Zinc  white,  411. 
Zincite,  410. 
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TABLE  OF  THE  MORE  IMPORTANT  ELEMEIi 

with  Oieir  symbols,  approzimate  atomic  weights,  and  vaJ 


Element 

Sym- 
bol 

Appiox. 
At.Wt. 

Valence 

Element 

Sym-JApproi 

bol    At.  Wt 

AlmniDum  • 

Al 

27 

m 

Mangane^ 

■  Mn          r 

Barium.     . 

Ba 

137 

IT         '  Mercury 

Btomine 

Br 

80 

■Uhd      _ 

^^^^^ 

Calcium      . 

Ca 

40 

^^^H 

Caibou  .     . 

C 

13 

^^^H 

Chlorine     . 

CI 

36.6 

^^^H 

Chromium . 

Or 

63 

^^^H 

Copper  .     . 

Cu 

B3.6  JH^H^^^^I 

^^^H 

Fluorine 

F 

^^^H 

Gold.     .     . 

Au 

197                                      ^ 

^^^H 

Helium .     . 

He 

1 

^^^H 

Hydrogen  . 

H 

M 

^^^R 

_i 

Iodine    -     . 

1 

127 

1 

Iron  .     .     . 

Fe 

K 

'> 

Lead.     .     . 

Pb 

207 

Hagneaium 

Mb 

U 

# 

COMMON   UNITS 

10  millimeters  =1  fer 
(mm.) 
100  centimeters  =  1  mt 
1000  cubic  centi- 
meters (ec.)  =  1  liti 
10  milligram!)   =  1  c 

(mg.) 
100  centigrams 
1000 


